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I . INTRODUCTION 
The f i r s t Q u a l i t y A s s u r a n c e R e p o r t f o r t h e C e n t r a l A n a l y t i c a l 
L a b o r a t o r y (CAL) (1) of t h e N a t i o n a l Atmospher ic D e p o s i t i o n Program 
(NADP) was pub l i shed in 1980. I t d e t a i l e d the beg inn ings and the goa l s 
of the q u a l i t y a ssessment program be ing developed for the l a b o r a t o r y . 
This r e p o r t i nco rpo ra t e s the da ta from t h a t o r i g i n a l r e p o r t with q u a l i t y 
a s s u r a n c e d a t a from t h e y e a r s 1980 t h r o u g h 1983 . Also i n c l u d e d a r e 
d i s c u s s i o n s of changes to the program t h a t have occurred as i t has been 
re f ined throughout the s ix -yea r p e r i o d . 
The f i r s t s e t o f d a t a p r e s e n t e d i n t h i s r e p o r t r e s u l t e d from t h e 
r o u t i n e a n a l y s i s o f l a b o r a t o r y b l a n k s ( S e c t i o n I I I ) . These b l a n k 
samples include bucket l e a c h a t e s , f i l t e r l e a c h a t e s , and de ionized water . 
The da t a p rov ide i n fo rma t ion t h a t can be used to a s s e s s t h e p o t e n t i a l 
c o n t r i b u t i o n of sample c o l l e c t i o n and p roces s ing to the a n a l y t e concen-
t r a t i o n s found in t h e ne twork s a m p l e s . The CAL q u a l i t y a s s u r a n c e 
program u t i l i z e s q u a l i t y c o n t r o l check (QCC) samples (Sec t ion IV) to 
q u a n t i f y a n a l y t i c a l b i a s and p r e c i s i o n . A n a d d i t i o n a l e s t i m a t e o f 
p r e c i s i o n i s achieved th rough r e p l i c a t e sample a n a l y s e s ( S e c t i o n IV) . 
The v a l i d i t y of t h e s e b i a s and p r e c i s i o n e s t i m a t e s is suppor ted by the 
performance of the CAL in e x t e r n a l q u a l i t y a s su rance a u d i t s and round 
rob in t e s t i n g programs (Sect ion VI) sponsored by both s t a t e and f e d e r a l 
government agencies in the United S t a t e s , and the governments of Canada 
and s e v e r a l European c o u n t r i e s . F i n a l l y , an assessment of how w e l l the 
CAL s u c c e e d e d d u r i n g t h i s s i x - y e a r p e r i o d i n m e e t i n g i t s o r i g i n a l 
goa l s is presented in the summary (Section V I I ) . 
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I I . LABORATORY QUALITY ASSURANCE PROGRAM 
A. GENERAL DESCRIPTION 
The p u b l i s h e d r e p o r t of 1980 p r e s e n t e d a complete d e s c r i p t i o n of 
t h e l a b o r a t o r y q u a l i t y a s s u r a n c e program a t t h e CAL. Th is p rogram 
exper i enced r e l a t i v e l y few changes between 1978 and 1983. The methods 
documented by S t e n s l a n d , et a l . (1) cont inued to be used throughout the 
s i x - y e a r p e r i o d . This s e c t i o n addresses t h e changes t h a t have occur red 
s i n c e t h e 1980 r e p o r t . These i n c l u d e c h a n g e s i n sample p r o c e s s i n g , 
q u a l i t y con t ro l sample ana lyses , de t ec t i on l i m i t s , and personne l . 
The sample p r o c e s s i n g f lowchar t r e p r e s e n t e d by Figure I I - l changed 
t o t h a t d e p i c t e d i n F i g u r e I I - 2 i n e a r l y 1981 . S t a r t i n g i n 1981 , t h e 
f i l t e r s were no longer d r ied and s to red and the wet bucket was no longer 
reweighed. A s i n g l e 60 mL a l i q u o t was taken a f t e r f i l t r a t i o n for sample 
a n a l y s i s . If s u f f i c i e n t sample r ema ined , a second 60 mL a l i q u o t was 
t a k e n a f t e r f i l t r a t i o n f o r a r c h i v i n g ( r e f r i g e r a t e d s t o r a g e ) . The 
remainder of the sample, as well as the f i l t e r , was then d i scarded . 
The number of q u a l i t y c o n t r o l samples ana lyzed i nc rea sed s t e a d i l y 
over t h i s s i x - y e a r p e r i o d . I n t e r n a l f o r m u l a t i o n s were deve loped for 
q u a l i t y c o n t r o l c h e c k (QCC) s a m p l e s t o m o n i t o r p H and s p e c i f i c 
conductance measurements. These samples were analyzed at a frequency of 
two QCC samples for every 25-30 pH measurements and two d i f f e r e n t QCC 
samples for every 25-30 s p e c i f i c conductance measurements. D i l u t i o n s of 
minera l and n u t r i e n t s e r i e s c o n c e n t r a t e s provided by the United S t a t e s 
Envi ronmenta l P r o t e c t i o n Agency-EMSL, C i n c i n n a t i , Ohio , were used to 
m o n i t o r t h e a c c u r a c y o f t h e a n a l y s e s o f t h e r e m a i n i n g p a r a m e t e r s 
measu red i n t h e p r o g r a m . E a r l y i n t h e d e v e l o p m e n t o f t h e q u a l i t y 
a s s u r a n c e program the f requency o f a n a l y s i s o f t h e s e q u a l i t y c o n t r o l 
check samples was e s t a b l i s h e d . The r e s u l t was a minimum of one q u a l i t y 
c o n t r o l check sample ana lyzed wi th each group of twe lve p r e c i p i t a t i o n 
samples. 
New i n s t r u m e n t a t i o n r e s u l t e d i n i m p r o v e m e n t s i n t h e method 
d e t e c t i o n l i m i t s (MDLs). A f u r t h e r change in the MDLs occur red in 1981 
when they were r e d e f i n e d from two to t h r e e t i m e s t h e b a s e l i n e o r 
ins t rument n o i s e . The b a s e l i n e or i n s t r u m e n t a t i o n n o i s e was determined 
e i t h e r by d i r e c t measurement of the no i se through use of a s t r i p c h a r t 
recorder or by using the s tandard d e v i a t i o n t h a t r e s u l t e d from a minimum 
of t e n a n a l y s e s o f d e i o n i z e d wate r b l a n k s . This r e d e f i n i t i o n o f t h e 
term made t h e CAL usage of MDL c o n s i s t e n t with t h a t recommended by the 
American Chemical S o c i e t y (ACS). The MDLs for the y e a r s 1979 th rough 
1983 a r e l i s t e d in T a b l e I I - l . The d a t a p u b l i s h e d by t h e NADP/NTN 
network r e f l e c t the MDLs t h a t ex i s t ed during the time of the a n a l y s i s . 
B. DATA AVAILABILITY 
The d a t a p r e s e n t e d in t h i s r e p o r t have been v e r i f i e d by e i t h e r a 
double e n t r y p r o c e d u r e or a v i s u a l c h e c k . The d a t a have been s t o r e d 
in the CAL d a t a base and a re a v a i l a b l e upon r e q u e s t from the D i r e c t o r . 
4 
FIGURE II-l. Sample processing flowchart for 1978 through 1980. 
5 
FIGURE II-2. Sample processing flowchart for 1981 through 1983. 
6 
TABLE II-l Method Detection Limits for the 
Analysis of Precipitation Samples 







































































0.003 1/79 - 12/83 
a. For a complete method description, see NADP Quality 
Assurance Report - Central Analytical Laboratory, 
Jan. 1979-Dec. 1979, Stensland, et al., 1980. 
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C. LABORATORY PERSONNEL 
The e d u c a t i o n a l and t r a i n i n g r e q u i r e m e n t s f o r t h e l a b o r a t o r y s t a f f 
and the g e n e r a l l a b o r a t o r y p r o c e d u r e s remain unchanged s i n c e t h e 1980 
Qua l i ty Assurance Repor t . There were pe r sonne l changes du r ing t h e f i r s t 
s i x y e a r s o f t h e program i n c l u d i n g s t a f f a d d i t i o n s , r e p l a c e m e n t s for 
d e p a r t i n g a n a l y s t s , and job r e a s s i g n m e n t s . U n t i l June 1981 the q u a l i t y 
a s s u r a n c e program f o r t h e l a b o r a t o r y was d i r e c t e d by the l a b o r a t o r y 
manager . I n J u n e , t h e p o s i t i o n o f q u a l i t y a s s u r a n c e s p e c i a l i s t was 
c rea ted and the r e s p o n s i b l i t y for the l abo ra to ry QA program given to the 
p e r s o n f i l l i n g t h a t p o s i t i o n . T a b l e I I - 2 a l p h a b e t i c a l l y l i s t s t h e 
l a b o r a t o r y p e r s o n n e l who p a r t i c i p a t e d in t h e p r o j e c t d u r i n g t h i s t ime 
p e r i o d . I t a l s o i n c l u d e s a b r i e f d e s c r i p t i o n o f each s t a f f member 's 
primary funct ion w i th in the program and the d u r a t i o n of t h e i r employment 
as p a r t of the CAL. 
TABLE II-2 Central Analytical Laboratory (CAL) Personnel Sumary (1978-1983) 
Analytical Staff Only. 
STAFF MEMBER/ PERIOD OF SERVICE 
JOB FUNCTION 
1978 1979 1980 1981 1982 1983 
JASORD JFMMUJASOND JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND JFMAMJJASOND 
Sue Bachman 
NH4, SO4, NO3, CI, PO4 
SO4' PO4 
Brigita Demir 














NH4, SO4, NO3, CI, PO4  
Sara Reed 
Sample Processing, pH, 
Specific Conductance 
Herminio Reyes 
NH4, SO4, NO3, CI, PO4  
Jackie Saucr 
Sample Processing, pH, 
Specific Conductance 
Loretta Skowron 
Ca, Mg, Na, K 
Hike Slater 







I I I . LABORATORY BLANK DATA 
The da ta p resen ted in t h i s sec t ion were genera ted from the a n a l y s i s 
of the de ion ized (DI) water used by the l a b o r a t o r y , DI water l e f t in a 
c lean sample c o l l e c t i o n bucket for 24 h o u r s , and DI water t h a t had been 
f i l t e r e d through a p r e l eached 0.45 um M i l l i p o r e (HAWP) f i l t e r . All of 
the data obta ined were used to def ine the p o t e n t i a l c o n t r i b u t i o n s of the 
c o l l e c t i o n v e s s e l and the sample p r o c e s s i n g p rocedures to the measured 
a n a l y t e c o n c e n t r a t i o n s in p r e c i p i t a t i o n . The p rocedures used to o b t a i n 
each blank sample type a re d e s c r i b e d in t h i s s e c t i o n and the r e s u l t a n t 
a n a l y t i c a l da ta are presented g r aph i ca l l y or in t a b l e s . 
A. BUCKET LEACHATES 
At t h e s t a r t o f t h e program t h e sample c o l l e c t i o n b u c k e t s were 
c leaned by hand. This c l ean ing included scrubbing of the bucket us ing a 
n a t u r a l sponge t o remove any p a r t i c u l a t e s a d h e r i n g t o t h e p l a s t i c 
sur face followed by repeated r i n s i n g s with DI u n t i l the s p e c i f i c conduc-
t ance of t h e r i n s e water measured l e s s t han 2 uS/cm. In May 1982 the 
p rocedure was changed. Since t h a t t i m e , the b u c k e t s have been emptied 
of sample, wiped free of p a r t i c u l a t e m a t t e r , then washed in a commercial 
d i s h w a s h e r . The wash c y c l e used c i t y t a p w a t e r and t h e t h r e e r i n s e 
c y c l e s , d e i o n i z e d w a t e r . Once washed and r i n s e d , t h e b u c k e t s were 
shaken f ree of excess water and immediately p laced in p l a s t i c bags and 
s e a l e d . N o d e t e r g e n t was e v e r u t i l i z e d i n any o f t h e c l e a n i n g 
procedures . 
The bucke t l i d s con ta in a b u t a d i e n e rubber ga ske t t h a t a s s u r e s a 
w a t e r t i g h t s e a l of the bucket once the l i d has been secure ly hammered in 
p l a c e . These g a s k e t s may be e i t h e r b lack or w h i t e , t he only d i f f e r e n c e 
being the a d d i t i o n of carbon b lack to the molten rubber to produce the 
c o l o r . Although t h i s rubber compound i s r e l a t i v e l y i n e r t , t h e r e l e a s i n g 
a g e n t used i n t h e molds i n which t h e g a s k e t s a r e formed c o n t a i n s 
calc ium, magnesium and z i n c . Also as p a r t of the e x t r u s i o n p r o c e s s , the 
g a s k e t may be p l a c e d in a s a l t ba th of p o t a s s i u m n i t r a t e and sodium 
n i t r i t e . Residual amounts of both the r e l e a s i n g agent and t h e potassium 
and sodium s a l t s may remain on t h e g a s k e t and cou ld r e s u l t in con -
tamina t ion of the p r e c i p i t a t i o n samples . In 1979 and 1980 concern about 
sample contaminat ion from the l each ing of ca lc ium, magnesium and sodium 
from t h e g a s k e t of the bucket l i d s was r a i s e d . E x t e n s i v e t e s t i n g was 
begun at the CAL to quant i fy and solve the problem. Begining in October 
1981 t h e l i d s were p r e - s o a k e d for 24 h o u r s in d e i o n i z e d w a t e r . Th i s 
w a t e r was removed and a f r e s h s u p p l y used to soak t h e l i d s f o r an 
a d d i t i o n a l 24 h o u r s . The l i d s were then washed (a t f i r s t by hand and 
then in t h e d i shwasher once i t was a v a i l a b l e ) , shaken f r e e of e x c e s s 
w a t e r , and p l a c e d in p l a s t i c bags and s e a l e d . This r o u t i n e soaking of 
t h e b u c k e t l i d s fo r 48 hours was shown to e f f e c t i v e l y e l i m i n a t e the 
problem. In an e f f o r t to f u r t h e r minimize the c o n t a c t of p r e c i p i t a t i o n 
samples wi th t h e g a s k e t m a t e r i a l s , in August 1982, t h e CAL a f f i x e d 
c a u t i o n a r y l a b e l s t o a l l b l ack s h i p p i n g boxes r e q u e s t i n g shipment and 
handl ing in an upr ight p o s i t i o n . 
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T o d e t e r m i n e t h e c o n t r i b u t i o n t h e c o n t a i n e r might make t o t h e 
a n a l y t e c o n c e n t r a t i o n s , c l e an b u c k e t s and l i d s were randomly s e l e c t e d 
and used to d e t e r m i n e c o n t a i n e r b l a n k s . A p r e d e t e r m i n e d volume of 
de ion ized water was poured i n t o the t e s t bucke t , t h e l i d pounded on, and 
t h e w a t e r l e f t t o e q u i l i b r a t e i n t h e b u c k e t . A f t e r 2 4 h o u r s , t h i s 
bucke t l e a c h a t e was poured i n t o a DI wate r -washed 60 mL p o l y e t h y l e n e 
(LPE) b o t t l e and the concen t ra t ion of a n a l y t e s determined. 
The f i r s t s e t s of b lanks were obta ined using 50 mL of DI water with 
t h e bucke t s remaining u p r i g h t d u r i n g the p e r i o d o f e q u i l i b r a t i o n . For 
a l l of the bucket b l a n k s , a f t e r the water was added and the l i d secure ly 
hammered i n p l a c e , t h e b u c k e t was v i g o r o u s l y shaken t o c o n t a c t a l l 
s u r f a c e s o f t h e b u c k e t and l i d b e f o r e b e i n g l e f t t o e q u i l i b r a t e . I n 
1980, two a d d i t i o n a l b lanks were added to exp lo re the e f f e c t of l a r g e r 
volumes of DI water on the a n a l y t e c o n c e n t r a t i o n s . In a d d i t i o n to the 
bucket with a 50 mL p o r t i o n of DI w a t e r , a second c o n t a i n i n g 150 mL and 
a t h i r d with 500 mL of DI wa te r , were al lowed to e q u i l i b r a t e o v e r n i g h t . 
One 60 mL a l i q u o t was c o l l e c t e d from e a c h of t h e s e t e s t b u c k e t s to 
p r o v i d e the sample for a n a l y s i s . F igu re s 1-24 in Appendix B a re p l o t s 
o f t h e a n a l y t e masses found in t h e s e b u c k e t b l a n k s f o r 1979 th rough 
1983. 
Fo r a l l vo lumes o f a l l t y p e s o f b u c k e t b l a n k s , t h e measu red 
o r t h o p h o s p h a t e c o n c e n t r a t i o n s were a t o r below t h e method d e t e c t i o n 
l i m i t ; t h e r e f o r e , p l o t s of o r thophospha te masses a r e not i n c l u d e d . The 
c o n c e n t r a t i o n s o f t h e m e a s u r e d a n a l y t e s have been c o n v e r t e d t o 
micrograms pe r bucket in o rde r to p l a c e t h e data for a l l t h r e e volumes 
on t h e same p l o t . Mass p e r b u c k e t i s c a l c u l a t e d by m u l t i p l y i n g t h e 
a n a l y t e c o n c e n t r a t i o n i n u n i t s o f mic rograms p e r m i l l i l i t e r b y t h e 
sample volume in m i l l i l i t e r s . A legend d e f i n i n g t h e symbols being used 
i s p r e s e n t e d with each s e r i e s o f a n a l y t e p l o t s . The dashed l i n e near 
the bottom of each p l o t r e p r e s e n t s the minimal d e t e c t a b l e mass for t h a t 
a n a l y t e . T h i s minimum v a l u e was d e t e r m i n e d by m u l t i p l y i n g t h e MDL 
e x p r e s s e d a s m i l l i g r a m s p e r l i t e r by 50 mLs. For a l l t h r e e volumes , 
va lues measured as l e s s than the method d e t e c t i o n l i m i t were p l o t t e d on 
t h i s l i n e . T a b l e 1 in Appendix B l i s t s t h e MDL mass f o r a l l of t h e 
parameters for which the re a re bucket blank p l o t s . 
I t was hypothes ized t h a t t h e e f f e c t of i n c r e a s i n g the volume of DI 
w a t e r used f o r t h e b u c k e t l e a c h a t e s would b e t h a t o f d i l u t i n g t h e 
a n a l y t e c o n c e n t r a t i o n s . The f i g u r e s for t h e da t a from 1980 and a f t e r -
wards i n d i c a t e t h a t t h i s was a c o r r e c t a s s u m p t i o n . I t a p p l i e s t o both 
the upr igh t and the inver ted b l a n k s . 
The p r e c i p i t a t i o n samples r ece ived and analyzed by t h e CAL a r r i v e 
from a l l s e c t i o n s of the c o u n t r y . The t ime a sample spends in t r a n s i t 
may va ry from a few hours to s e v e r a l d a y s . The u p r i g h t bucke t b l anks 
d i d no t a d e q u a t e l y r e p r e s e n t t h e c o n t a i n e r exposure a p r e c i p i t a t i o n 
sample would have d u r i n g t r a n s i t s i n c e d u r i n g t r a n s p o r t t h e b u c k e t s 
would not always remain in an u p r i g h t p o s i t i o n . In an a t t e m p t to more 
t r u l y mimic t h e a c t u a l c o n d i t i o n s of 3 or 4 days of a g i t a t i o n whi le in 
t r a n s i t from the f i e l d to the CAL, i n v e r t e d bucket b lanks were added in 
1 9 8 1 . F i g u r e s 25 t h r o u g h 40 in Appendix B a r e p l o t s of t h e a n a l y t e 
masses found in these i n v e r t e d bucke t s for 1981 through 1983. These a re 
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a g a i n ar ranged c h r o n o l o g i c a l l y and grouped by a n a l y t e . The same symbols 
f o r t h e t h r e e sample volume masses a r e u s e d . The same t h r e e sample 
volumes were u s e d , b u t t h e b u c k e t s were i n v e r t e d fo r t h e p e r i o d o f 
e q u i l i b r a t i o n . Th i s p rov ided maximum c o n t a c t between t h e DI water and 
t h e r u b b e r g a s k e t , t he s u s p e c t e d p r imary s o u r c e o f the c o n t a m i n a n t s . 
The f i g u r e s o f t h e s e i n v e r t e d b l a n k s i n d i c a t e t h e p o t e n t i a l f o r 
contaminat ion t h a t e x i s t s . They a r e , however, des igned to demonstra te a 
worst case s i t u a t i o n . 
Table I I I - l l i s t s t he number of bucket l e a c h a t e s analyzed for each 
yea r from 1978 to the p r e s e n t . Tab les I I I - 2 and I I I - 3 p r e s e n t annual 
median masses aga in expressed as micrograms per b u c k e t , from the s t a r t 
of t h e program to the p r e s e n t . The d a t a document i n c r e a s e d l e v e l s of 
a n a l y t e for 1983 and 1984. The source of t h i s problem was t r a c e d to a 
c logged sp ray arm in t h e d i s h w a s h e r . The c i t y t a p w a t e r used in the 
wash c y c l e , which c o n t a i n s h i g h l e v e l s o f c a l c i u m , magnesium, and 
sodium, was not be ing comple te ly removed by the t h r e e DI water r i n s e s . 
To c o r r e c t the s i t u a t i o n and prevent i t from r e c u r r i n g , t h e e n t i r e wash 
c y c l e was c o n v e r t e d in November 1984 to u t i l i z e d e i o n i z e d water o n l y . 
The median v a l u e s for 1985 i n d i c a t e t h e problem was c o r r e c t e d and the 
bucket l e a c h a t e s now conta in very l imi t ed amounts of a l l of the ana ly t e s 
o t i n t e r e s t . 
TABLE III-l The Number of : Bucket Blanks Analyzed 
Each Year from 1978 through 1985. 
Number of Blanks 
Upright Inverted 
Year 
50mL 150mL 500mL 50mL 150mL 500mL 
1979 ---- ---- ---- ---- ----
1980 34 30 30 ---- ---- ----
1981 28 28 28 6 6 6 
1982 10 9 9 52 52 52 
1983 10 10 10 45 45 45 
1984 50 50 50 50 50 50 
1985 47 47 47 44 44 44 
14 
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Analyte 1979 1980 1981 1982 1983 1984 1985 
Calcium <1.00 <1.00 8.63 2.77 2.33 7.10 0.58 
Magnesium <0.10 0.27 2.12 1.23 1.70 4.62 0.30 
Sodium <0.20 <0.20 4.87 1.98 6.27 9.58 0.47 
Potassium <0.20 <0.20 1.27 1.58 2.88 1.68 0.18 
Sulfate <5.0 <5.0 23.3 <5.0 <5.0 8.9 <1.5 
Chloride <2.5 <2.5 1.9 <1.0 3.9 4.3 <1.5 
Nitrate- <1.0 <1.0 
Nitrite 
<1.0 <1.0 1.2 <1.0 <1.5 
Ammonium <1.0 <1.0 <1.0 <1.0 1.5 1.4 <1.0 
Ortho- <0.15 <0.15 
phosphate 
<0.15 <0.15 <0.15 <0.15 <0.15 
TABLE III-3 Inverted Bucket Blanks -
Median Concentrations Expressed as 
Micrograms/Bucket. 
Year 
Analyte 1981 1982 1983 1984 1985 
Calcium 5.57 8.92 11.02 16.83 1.95 
Magnesium 6.91 2.48 4.13 9.17 1.38 
Sodium 5.12 4.95 11.18 20.57 1.45 
Potassium 0.65 1.27 2.10 3.20 0.43 
Sultate 8.3 5.5 6.0 24.2 3.2 
Chloride 14.8 3.3 4.8 14.6 1.8 
Nitrate- <1.0 
Nitrite 
1.3 1.3 1.5 <1.5 
Ammonium <1.0 1.2 1.8 1.3 <1.0 
Ortho- <0.15 
phosphate 
<0.15 <0.15 <0.15 <0.15 
13 
B. FILTER LEACHATES 
Before b e i n g used to f i l t e r p r e c i p i t a t i o n s a m p l e s , t h e 0 .45 um 
M i l l i p o r e f i l t e r s are leached with a 200 mL a l i q u o t of de ion ized wa te r . 
The r o u t i n e p rocedure c o n s i s t s of t ak ing a new f i l t e r for each sample, 
l e a c h i n g t h a t f i l t e r , f i l t e r i n g t h e sample , t h e n d i s c a r d i n g t h e used 
f i l t e r . To ensure t h a t t he leaching procedure removes a l l a n a l y t e s t h a t 
a re r o u t i n e l y measured i n p r e c i p i t a t i o n s a m p l e s , a n a l y s e s o f f i l t e r 
l e a c h a t e s have been performed s ince 1979. This q u a l i t y con t ro l check is 
pe r formed by p o u r i n g a 50 mL p o r t i o n of DI w a t e r t h r o u g h a l e a c h e d 
f i l t e r and c o l l e c t i n g t h e sample for a n a l y s i s . These f i l t e r l e a c h a t e s 
are l abe led the "A" sample. 
I n 1 9 7 9 , t h e s e s a m p l e s were c o l l e c t e d and a n a l y z e d each day 
p r e c i p i t a t i o n samples were processed at the CAL. Table I I I - 4 summarizes 
the d a t a o b t a i n e d from the a n a l y s i s o f t h e s e d a i l y f i l t e r l e a c h a t e s . 
The da ta i n d i c a t e t h a t n e i t h e r t h e f i l t e r s nor the f i l t r a t i o n procedure 
r ep re sen t ed a s i g n i f i c a n t source of sample contaminat ion in 1979. These 
f i n d i n g s r e s u l t e d i n a change i n t h e p r o c e d u r e used t o c o l l e c t t h e 
f i l t e r l e a c h a t e s . 
TABLE III-4 Analyte Concentration Summary 
Leachate A for 1979. 
for Filter 









Calcium 227 0.02 95.2 <0.02 <0.02 
Magnesium 227 0.002 95.2 <0.002 <0.002 
Sodium 227 0.004 58.6 <0.004 0.017 
Potassium 227 0.004 76.2 <0.004 0.006 
Ammonium 233 0.02 94.9 <0.02 <0.02 
Sultate 233 0.10 95.7 <0.10 <0.10 
Nitrate-
Nitrite 233 0.02 95.7 <0.02 <0.02 
ChJoride 233 0.05 93.1 <0.05 <0.05 
Ortho-
phosphate 233 0.003 65.7 <0.003 0.010 
a. numbe r of analyses 
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The frequency of f i l t e r l eacha te c o l l e c t i o n was reduced to once per 
week in 1980. By March of t h a t yea r it was dec ided to make a f u r t h e r 
change in t h e p r o c e d u r e by c o l l e c t i n g and a n a l y z i n g a second 50 mL 
po r t i on of DI water t h a t had been poured through the same leached f i l t e r 
a s had t h e "A" s a m p l e . T h i s l e a c h a t e i s l a b e l e d t h e "B" s a m p l e . The 
new p r o c e d u r e p r o v i d e d a d d i t i o n a l i n f o r m a t i o n r e g a r d i n g t h e sample 
p roces s ing by i n d i c a t i n g the p o s s i b l e contaminat ion t h a t may occur when 
more t h a t one sample a l i q u o t was c o l l e c t e d . These da ta become impor tant 
when r e v i e w i n g t h e r e p l i c a t e sample a n a l y s e s and a n a l y s i s o f t h o s e 
samples p l a c e d i n t o a r c h i v a l s t o r a g e . Tab le s I I I - 5 and I I I - 6 p r e s e n t 
the median concen t r a t i on va lues found from the r o u t i n e a n a l y s e s of these 
A and B f i l t e r l e a c h a t e s for the pe r iod 1980-1983. More complete annual 
summaries of the ana lyses of the f i l t e r l eacha tes can be found in Tables 
2-9 in Appendix B. The d a t a p r e s e n t e d in t he se t a b l e s show the f i l t e r s 
t o b e a n e g l i g i b l e s o u r c e o f c o n t a m i n a t i o n . The r o u t i n e w e e k l y 
moni tor ing of t h e s e l e a c h a t e s con t inues as an i n t e r g r a l p a r t of the CAL 
q u a l i t y assurance program. 
TABLE III-5 Median Analyte Concentration 
Found in Filter Leachate A for 
1980 through 1983. 
Median Concentration (mg/L) 
Analyte/Year 1980 1981 1982 1983 
Calcium <0.02 <0.009 <0.009 <0.009 
Magnesium <0.002 <0.003 <0.003 <0.003 
Sodium <0.004 0.008 0.008 0.004 
Potassium <0.004 <0.003 <0.003 <0.003 
Ammonium <0.02 <0.02 <0.02 <0.02 
Sulfate <0.10 <0.10 <0.10 <0.10 
Nitrate-
Nitrite <0.02 <0.02 <0.02 <0.02 
Chloride <0.05 <0.02 <0.02 <0.02 
Orthophosphate <0.003 <0.003 <0.003 <0.003 
a n 65 35 41 49 
a. number of analyses 
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TABLE III-6 Median Analyte Concentration 
Found in Filter Leachate B for 
1980 through 1983. 
Median Concentration (mg/L) 
Analyte/Year 1980 1981 1982 1983 
Calcium <0.02 <0.009 <0.009 <0.009 
Magnesium <0.002 <0.003 <0.003 <0.003 
Sodium <0.004 <0.003 <0.003 <0.003 
Potassium <0.004 <0.003 <0.003 <0.003 
Ammonium <0.02 <0.02 <0.02 <0.02 
Sulfate <0.10 <0.10 <0.10 <0.10 
Nitrate-
Nitrite <0.02 <0.02 <0.02 <0.02 
Chloride <0.05 <0.02 <0.02 <0.02 
Orthophosphate <0.003 <0.003 <0.003 <0.003 
a n 34 34 41 49 
a. number of ana ilyses 
C. DEIONIZED WATER 
The f i n a l r o u t i n e q u a l i t y c o n t r o l check was on the q u a l i t y of the 
de ion ized water used th roughout t h e l a b o r a t o r y . Although the p u r i t y of 
the water was always moni tored by d a i l y checks of s p e c i f i c conductance 
by an i n - l i n e c o n d u c t i v i t y me te r , t h e complete a n a l y s i s of a DI water 
sample d i d no t b e g i n u n t i l 1980, and was a t f i r s t was done somewhat 
i r r e g u l a r l y . By 1981 weekly samples were r e g u l a r l y being taken from the 
sample process ing labora tory for a complete a n a l y s i s . 
Dur ing t h e s i x y e a r s under d i s c u s s i o n t h r e e d i f f e r e n t t y p e s o f 
d e i o n i z i n g systems were used by t h e CAL. The f i r s t system was u t i l i z e d 
by t h e e n t i r e Water Survey and was s u p p l i e d by t h e I l l i n o i s Water 
T r e a t m e n t (IWT) Company. I t c o n s i s t e d of a mixed bed ion exchange 
column with au tomat i c shu t down when the c o n d u c t i v i t y of t h e DI water 
being produced exceeded 0.5 uS/cm. The water produced by the IWT system 
was then passed through a two c a r t r i d g e Barnstead Nanopure mixed bed ion 
e x c h a n g e s y s t e m b e f o r e b e i n g u s e d . I n J u n e o f 1981 t h e s a m p l e 
p r o c e s s i n g l a b moved to a n o t h e r s e c t i o n o f t h e Water Survey and a 
s e p a r a t e d e i o n i z i n g s y s t e m was i n s t a l l e d . The s a m p l e p r o c e s s i n g 
l a b o r a t o r y i s t h a t p a r t o f t h e CAL where t h e ne twork s a m p l e s a r e 
f i l t e r e d and c o l l e c t e d for a n a l y s i s . The pH and s p e c i f i c conduc tance 
measurements a r e made by t h e p r o c e s s i n g l a b o r a t o r y s t a f f . The newly 
i n s t a l l e d system employed r e v e r s e osmosis (RO) to conve r t t he c i t y t ap 
water to DI water wi th a c o n d u c t i v i t y of <1 uS/cm. Because of the high 
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pH of t h e t a p w a t e r (pH 8.5) an a c i d feed l i n e was needed to i n j e c t 
d i l u t e s u l f u r i c a c i d i n t o t h e t ap water be fo re i t was s e n t through t h e 
RO s y s t e m . T h i s was n e c e s s a r y b e c a u s e t h e h i g h pH d e g r a d e d t h e RO 
membrane. In Apr i l 1983 t h i s e a r l y membrane was r ep laced by a t h i n f i lm 
composite type which was unaffec ted by high pH and the need for the a c i d 
feed s t e p was e l i m i n a t e d . This RO system produced 40 L of DI water pe r 
hour and remained in use in t h e p r o c e s s i n g l a b o r a t o r y u n t i l t h e CAL 
moved to new f a c i l i t i e s in November 1 9 8 5 . The r e m a i n i n g a n a l y t i c a l 
s t a f f of t h e CAL cont inued to use DI water produced by t h e IWT system in 
c o n j u n c t i o n w i t h B a r n s t e a d w a l l - m o u n t e d Nanopure sys tems fo r sample 
d i l u t i o n s and s t a n d a r d s and r e f e r e n c e sample p r e p a r a t i o n s . The w a t e r 
system a v a i l a b l e fo r t h e i r u se a l s o changed wi th t h e move in November 
1985. 
Tab le I I I - 7 l i s t s t he median a n a l y t e c o n c e n t r a t i o n s found i n t h e 
d e i o n i z e d wa te r used by t h e CAL. T a b l e s 10-13 in Appendix B c o n t a i n 
a n n u a l summar ies o f t h e d a t a o b t a i n e d from t h e a n a l y s e s o f t h i s DI 
w a t e r . As wi th t h e f i l t e r s , t he l a b o r a t o r y d e i o n i z e d water has proven 
to be a n e g l i g i b l e source of con tamina t ion . Ana lys i s of de ion i zed wate r 
used in t h e sample p r o c e s s i n g l a b o r a t o r y as wel l as a DI water samples 
t aken from one of the a n a l y t i c a l l a b s at t h e CAL c o n t i n u e s as p a r t of 
the r o u t i n e q u a l i t y assessment program. 
TABLE III-7 Median Analyte 
for Deionized 1 
Concentration 








Calcium <0.02 <0.009 <0.009 <0.009 
Magnesium <0.002 <0.003 <0.003 <0.003 
Sodium <0.004 <0.003 <0.003 <0.003 
Potassium <0.004 <0.003 <0.003 <0.003 
Ammonium <0.02 <0.02 <0.02 <0.02 
Sulfate <0.10 <0.10 <0.10 <0.10 
Nitrate-
Nitrite <0.02 <0.02 <0.02 <0.02 
Chloride <0.05 <0.02 <0.02 <0.02 
Orthophosphate <0.003 <0.003 <0.003 <0.003 
na 20 33 39 48 
a. number of analyses 
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I V . LABORATORY BIAS AND PRECISION 
An e s s e n t i a l p a r t of every q u a l i t y assessment program is the d e t e r -
mina t ion of t h e accuracy of the measurements be ing made by the l a b o r a -
t o r y . One way of making t h i s d e t e r m i n a t i o n is to examine t h e b i a s and 
p r e c i s i o n of d a t a o b t a i n e d from r e p l i c a t e a n a l y s e s o f Q u a l i t y Con t ro l 
Check (QCC) s a m p l e s . The QCC samples used by t h e CAL for t h e s e c a l -
c u l a t i o n s a re e i t h e r i n t e r n a l l y fo rmula ted s o l u t i o n s o r d i l u t i o n s o f 
m i n e r a l and n u t r i e n t c o n c e n t r a t e s p r o v i d e d b y t h e U n i t e d S t a t e s 
Env i ronmen ta l P r o t e c t i o n Agency, EMSL-Cinc inna t i , O h i o . A d d i t i o n a l 
in format ion r ega rd ing l a b o r a t o r y p r e c i s i o n can be ob t a ined through the 
a n a l y s i s of r e p l i c a t e samples , i . e . the a n a l y s i s of two a l i q u o t s of the 
same s a m p l e . S e c t i o n IV c o n t a i n s d e s c r i p t i o n s of b o t h t h e QCC and 
r e p l i c a t e samples used by t h e CAL to a s s e s s l a b o r a t o r y p e r f o r m a n c e . 
Summary t a b l e s and p l o t s of t h e a n a l y s e s of these samples a r e p rov ided 
in t h i s r e p o r t accompanied by a d i s c u s s i o n of what the d a t a i n d i c a t e 
about the performance of the Cent ra l Ana ly t i ca l Laboratory . 
A. QUALITY CONTROL CHECK SAMPLE DATA 
The types of i n t e r n a l q u a l i t y c o n t r o l samples have not changed for 
the pe r iod be ing d i s c u s s e d . However, the sample c o n c e n t r a t i o n s for the 
q u a l i t y c o n t r o l check samples used t o d e t e r m i n e a n a l y t i c a l b i a s and 
p r e c i s i o n have changed for two r e a s o n s . The f i r s t is a r e fo rmula t ion of 
the c o n c e n t r a t e s by t h e USEPA. This t y p i c a l l y occurs once every y e a r . 
The second reason is an a t t empt by t h e l a b o r a t o r y to d i l u t e the USEPA 
c o n c e n t r a t e s s o the r e s u l t i n g a n a l y t e c o n c e n t r a t i o n s approx imate t h e 
t w e n t y - f i f t h and s e v e n t y - f i f t h p e r c e n t i l e c o n c e n t r a t i o n s measured in the 
samples from t h e s i t e s in t h e NADP/NTN network. These v a l u e s vary some 
from y e a r t o y e a r . T a b l e I V - 1 l i s t s t h e t w e n t y - f i f t h p e r c e n t i l e 
c o n c e n t r a t i o n v a l u e s for each pa ramete r measured in t h e p r e c i p i t a t i o n 
samples c o l l e c t e d in t h e NADP/NTN network from 1978 t h r o u g h 1 9 8 3 . 
Table IV-2 p r e s e n t s t h e s e v e n t y - f i f t h p e r c e n t i l e c o n c e n t r a t i o n v a l u e s 
for the same p e r i o d . More comprehensive annual p e r c e n t i l e c o n c e n t r a t i o n 
summaries can be found in Tables 1 through 6 in Appendix C. 
A minimum volume of 35 mL of sample is n e c e s s a r y fo r a comple te 
a n a l y s i s o f a l l e l e v e n p r e c i p i t a t i o n p a r a m e t e r s . Samples c o n t a i n i n g 
l e s s t han 35 mL a r e d i l u t e d a s i n d i c a t e d in F i g u r e s I I - l and I I - 2 . 
Because of t h i s p r o c e s s i n g p r o c e d u r e , only samples which were g r e a t e r 
t h a n 35 mL in volume have been i n c l u d e d in t h e p r e p a r a t i o n of t h e 
p e r c e n t i l e concen t ra t ion t a b l e s . 
A c u r s o r y examina t ion of T ab l e s IV-1 and IV-2 r e v e a l s changes in 
a n a l y t e p e r c e n t i l e c o n c e n t r a t i o n v a l u e s d u r i n g t h e 1978-1983 p e r i o d . 
These changes a r e p r i m a r i l y due t o t h e g e o g r a p h i c a l d i s t r i b u t i o n o f 
mon i to r i ng s i t e s a s t h e program grew in s i z e . In t h e e a r l y s t a g e s o f 
the program, most of t h e network s i t e s were l oca t ed in the n o r t h e a s t e r n 
and c e n t r a l r eg ions o f the c o u n t r y . P r e c i p i t a t i o n from t h e s e a r e a s i s 
g e n e r a l l y c h a r a c t e r i z e d by lower pH v a l u e s and h i g h e r s u l f a t e and 
n i t r a t e c o n c e n t r a t i o n s t h a n t h e r a i n from s i t e s i n t h e wes t and the 
h igh p l a i n s . The network expans ion from 1979 t h r o u g h 1981 added new 
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TABLE IV-1 Twenty-fifth Percentile Concentration 
Values of Chemical and Physical Parameters 
Measured in Precipitation for 1978 -1983. 
Percentile Concentration Values (mg/L) 
Parameter/Year 1978 1979 1980 1981 1982 1983 
Ca 0.07 0.09 0.09 0.10 0.07 0.07 
Mg 0.019 0.022 0.022 0.033 0.023 0.021 
K 0.020 0.015 0.015 0.016 0.015 0.016 




0.04 0.07 0.07 0.08 0.08 0.06 
0.60 0.76 0.72 0.60 0.58 0.51 
0.13 0.10 0.18 0.10 0.09 0.10 
So4 
pH (units) 
1.30 1.45 1.13 1.08 0.85 0.78 
<0.003 <0.003 <0.003 <0.003 <0.003 <0.003 
4.19 4.26 4.25 4.29 4.35 4.42 
Specific 
Conductance 11.7 12.2 12.4 11.9 9.3 8.3 
(uS/cm) 
a n 239 1254 3030 3370 3590 4308 
a. number of samples 
TABLE IV-2 Seventy-fi fth Percentile Concentration 
Values of Chemical and 1 Physical Parameters 
Measured in Precipitation for 1978-1983. 
Percentile Concentration Values (mg/L) 
Parameter/Year 1978 1979 1980 1981 1982 1983 
Ca 0.32 0.42 0.43 0.48 0.35 0.36 
Mg 0.081 0.086 0.093 0.137 0.091 0.082 
K 0.060 0.060 0.065 0.066 0.052 0.060 
Na 0.565 0.620 0.351 0.313 0.216 0.238 
NH4 0.38 0.50 0.50 0.44 0.39 0.40 
NO3 2.25 2.49 2.63 2.15 1.94 1.86 
CI3 0.51 0.40 0.48 0.47 0.38 0.36 
SO4 
3.96 4.30 3.74 3.82 2.99 2.59 
PO4 <0.003 <0.003 <0.003 <0.003 <0.003 <0.003 pH (units) 4.93 5.07 5.36 5.46 5.33 5.37 
Specific 
Conductance 31.2 34.3 35.7 35.1 29.8 26.0 
(uS/cm) 
na 239 1254 3030 3370 3590 4308 
a. numoer of samples 
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s i t e s a long both e a s t e r n and wes te rn c o a s t s , a s we l l a s , i n the sou th 
and m i d w e s t . The i n c r e a s e d l e v e l s o f b o t h sod ium and c h l o r i d e i n 
t h e ne twork s a m p l e s d u r i n g t h i s p e r i o d was p r i n c i p a l l y due t o t h e 
i n c l u s i o n o f t he se new c o a s t a l s i t e s . S i m i l a r l y , midwestern r a i n f a l l i s 
g e n e r a l l y c h a r a c t e r i z e d by h i g h e r c a l c i u m , magnesium, and ammonium 
c o n c e n t r a t i o n s and i n c r e a s e d l e v e l s o f t h e s e ions i s a l s o seen du r ing 
t h i s p e r i o d . By the end of 1981, the a r ea e a s t of the M i s s i s s i p p i River 
was w e l l r e p r e s e n t e d in the network and subsequent expans ion has been 
predominated by the a d d i t i o n of s i t e s from the western and g r e a t p l a i n s 
r e g i o n s o f t h e c o u n t r y . The a d d i t i o n o f t h e s e w e s t e r n s i t e s h a s 
r e s u l t e d i n t n e g e n e r a l d e c l i n e i n t h e a n a l y t e c o n c e n t r a t i o n s found in 
the network as a whole during 1982 and cont inu ing i n t o 1983. 
As t h e network expanded, t h e number of p r e c i p i t a t i o n samples being 
c o l l e c t e d and ana lyzed i n c r e a s e d . Th i s r e s u l t e d in an i n c r e a s e in t h e 
number of a n a l y s e s of q u a l i t y c o n t r o l samples as w e l l . One example of 
t h i s i nc rease is t n a t in 1980 a t o t a l of 275 QCS ana lyses were performed 
for ca lc ium. By 1983 t h a t number had grown to 934. The program grew in 
q u a n t i t y of q u a l i t y assessment da ta being produced but d id not change in 
t h e types of samples be ing analyzed to produce these d a t a . This s e c t i o n 
c o n t i n u e s w i th a d e s c r i p t i o n of t h e q u a l i t y c o n t r o l s o l u t i o n s used by 
t h e l a b o r a t o r y , p r e s e n t s summary t a p l e s of the da ta t h a t r e s u l t e d from 
t h e i r a n a l y s i s and p r o v i d e s an e x p l a n a t i o n o f what t h e s e d a t a imply 
apout tne performance of the CAL. 
Solut ions Used 
In 1979 and 1980 in-house fo rmula t ions of s u l f u r i c ac id and n i t r i c 
a c i d were used to moni tor the pH measurements . S i m i l a r s o l u t i o n s were 
u t i l i z e d a s q u a l i t y c o n t r o l samples for t h e s p e c i f i c conduc tance . The 
frequency of measurement of t h e s e q u a l i t y c o n t r o l samples was i r r e g u l a r 
u n t i l 1981 . By 1981 , samples w i th a pH and s p e c i f i c conduc tance more 
r e p r e s e n t a t i v e of the l e v e l s found in p r e c i p i t a t i o n were formulated and 
a sys temat ic program of measurements i n i t i a t e d . 
S i n c e 1 9 8 1 , a d i l u t e n i t r i c a c i d s o l u t i o n ( 5 . 0 1 x 10 N HNO ) 
prepared by the CAL has been used to monitor pH and s p e c i f i c conductance 
measurements . The s o l u t i o n p r e p a r a t i o n is v e r i f i e d by measuring the pH 
ana s p e c i f i c conductance and by a n a l y z i n g it c o l o r i m e t r i c a l l y for NO 
ana t i t r i m e t r i c a l l y fo r a c i d i t y . The i n f o r m a t i o n o b t a i n e d from t h e s e 
d e t e r m i n a t i o n s i s u sed t o d e r i v e t h e c a l c u l a t e d p H and s p e c i f i c 
c o n d u c t a n c e v a l u e s . The s o l u t i o n mus t h a v e a c a l c u l a t e d pH o f 
4 . 3 0 + 0 .03 and a c a l c u l a t e d s p e c i f i c conduc t ance of 21 .8 + 2 uS/cm 
to pe cons ide red s u i t a b l e for use in poth t h e l abo ra to ry and the f i e l d . 
The informat ion a v a i l a p l e on Tables 1 through 6 in Appendix C i n d i c a t e s 
t h a t t h e p H o f t h i s s o l u t i o n f a l l s n e a r t h e 2 5 t h p e r c e n t i l e 
c o n c e n t r a t i o n l e v e l and t n e s p e c i f i c c o n d u c t a n c e n e a r t h e 5 0 t h 
p e r c e n t i l e for a l l of the years being d i scus sed . 
Agairv s i n c e 1 9 8 1 , a d i l u t e p o t a s s i u m c h l o r i d e s o l u t i o n 
(5 .0 x 10 N KC1) formulated and p repared at t he CAL, has been used to 
b o t h c a l i b r a t e t h e c o n d u c t i v i t y b r i d g e and c e l l and t o m o n i t o r p H 
measurements a t a second c o n c e n t r a t i o n l e v e l . The a c c u r a c y o f t h i s 
p r e p a r a t i o n is determined py measurement of pH and s p e c i f i c conductance, 
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t he c o l o r i m e t r i c d e t e r m i n a t i o n o f the c h l o r i d e c o n c e n t r a t i o n and t h e 
a n a l y s i s o f t h e p o t a s s i u m c o n c e n t r a t i o n by f lame a t o m i c a b s o r p t i o n 
s p e c t r o s c o p y . These a n a l y t i c a l d a t a a r e used to c a l c u l a t e the pH and 
s p e c i f i c c o n d u c t a n c e o f t h e p r e p a r a t i o n . Al though t h i s i s a s t a b l e 
s o l u t i o n , i t s c a l c u l a t e d pH of 5.63 f a l l s w i th in the range of pH where 
t h e e f f e c t s o t a t m o s p h e r i c c a r b o n d i o x i d e f l u c t u a t i o n s can b e 
s i g n i f i c a n t . For t h e a f o r e m e n t i o n e d r e a s o n t h e r ange o f a c c e p t a b l e 
r e a d i n g s f o r pH is 5 .63 + 0 .3 pH u n i t s . The a c c e p t a b l e range for t h e 
c a l c u l a t e d s p e c i f i c conductance is 74.8 + 2 uS/cm. 
The b i a s and p r e c i s i o n of the remaining a n a l y t i c a l pa ramete r s were 
m o n i t o r e d by p e r f o r m i n g r e p l i c a t e a n a l y s e s of d i l u t e QCC s o l u t i o n s 
p r e p a r e d from USEPA m i n e r a l and n u t r i e n t c o n c e n t r a t e s . The m i n e r a l 
sample was used to prepare QCC s o l u t i o n s for calc ium, magnesium, sodium, 
p o t a s s i u m , s u l f a t e , and c h l o r i d e . The QCC s o l u t i o n s f o r n i t r a t e -
n i t r i t e , ammonium, and o r thophospha t e were made by d i l u t i n g the USEPA 
n u t r i e n t c o n c e n t r a t e s . Two QCC s o l u t i o n s were p r e p a r e d f o r e a c h 
a n a l y t e . One s o l u t i o n approximated the 25th p e r c e n t i l e c o n c e n t r a t i o n 
found f o r t h e s p e c i f i e d a n a l y t e and t h e o t h e r , t h e 7 5 t h . T h e s e 
p e r c e n t i l e concen t r a t i on va lues were der ived from the network h i s t o r y of 
the preceding year and can be found in Tables IV-1 and IV-2. 
Analytical Bias and Precis ion Tables 
The formulas used to c a l c u l a t e the b i a s and p r e c i s i o n da ta can be 
found i n t h e G l o s s a r y ( A p p e n d i x A ) . A l l d a t a p r e s e n t e d f o r t h e 
measurement of pH r e q u i r e d t h e conve r s ion of the measurements from pH 
u n i t s to hydrogen ion content as mic roequ iva len t s per l i t e r before these 
fo rmu la s cou ld be employed. Tab le 1 in Appendix D l i s t s s e v e r a l pH 
va lues and t h e i r cor responding hydrogen ion c o n t e n t . Table 2 summarizes 
the pH da ta and p r e s e n t s the mean and s t andard d e v i a t i o n va lues in both 
pH u n i t s and m i c r o e q u i v a l e n t s per l i t e r . The p e r c e n t b i a s and p e r c e n t 
r e l a t i v e s t anda rd d e v i a t i o n (RSD) va lues a re c a l c u l a t e d us ing hydrogen 
ion concen t ra t ion only . 
T a b l e s 2 t h r o u g h 12 in Appendix D were p r e p a r e d from t h e d a t a 
o b t a i n e d from r e p l i c a t e a n a l y s i s of QCC s a m p l e s . For a l l p a r a m e t e r s 
except pH and s p e c i f i c conductance, at l e a s t one QCC sample was analyzed 
wi th each group of twelve p r e c i p i t a t i o n s a m p l e s . For pH and s p e c i f i c 
conductance measurements, the frequency was approximately one QCC sample 
measured for every twenty p r e c i p i t a t i o n samples . The annua l summaries 
of b i a s and p r e c i s i o n for each parameter (Tables 2-12) found in Appendix 
D were produced using the r e s u l t s ob ta ined from the s t a t i s t i c a l a n a l y s i s 
of t h i s QCC sample d a t a . These t a b l e s p r o v i d e one means of a s s e s s i n g 
the q u a l i t y of the a n a l y t i c a l d a t a produced at t h e CAL by p r e s e n t i n g 
summaries of the ana lyses of s o l u t i o n s whose ana ly t e c o n c e n t r a t i o n s were 
known to each a n a l y s t . 
As mentioned b e f o r e , t h e pr imary sou rce of t h e QCC samples be ing 
a n a l y z e d was t h e USEPA. With each of t h e m i n e r a l and n u t r i e n t c o n -
c e n t r a t e s t h a t i t s u p p l i e s , t h e USEPA p r o v i d e s d i r e c t i o n s for sample 
p r e p a r a t i o n p l u s a d a t a s h e e t c o n t a i n i n g t h e expec t ed c o n c e n t r a t i o n s 
t h a t should r e s u l t a f t e r d i l u t i o n . Beginning wi th the USEPA r e f e r e n c e 
samples t h e CAL was us ing in 1981, the d a t a shee t t h a t accompanied the 
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sample c o n c e n t r a t e s l i s t e d an e x p e c t e d c o n c e n t r a t i o n , a mean con -
c e n t r a t i o n with a s t andard d e v i a t i o n , and a conf idence i n t e r v a l for the 
c o n c e n t r a t i o n s t h a t s h o u l d r e s u l t a f t e r d i l u t i o n . These mean and 
s tandard d e v i a t i o n va lues were obta ined from s t a t i s t i c a l a n a l y s i s of the 
da ta r ece ived from USEPA sponsored round rob in performance s t u d i e s (2 ) . 
Summaries of t h e da ta o b t a i n e d from t h e s e per formance s t u d i e s can be 
o b t a i n e d from t h e USEPA, E M S L - C i n c i n n a t i , O h i o . B e g i n n i n g w i t h 
t h e d a t a from 1 9 8 1 , t h e USEPA mean i s l i s t e d i n t h e t h e o r e t i c a l 
concen t r a t i on column and i s used to c a l c u l a t e the a n a l y t i c a l b i a s va lues 
l i s t e d in Tables 4-12 in Appendix D. 
The l a s t column of the t a b l e s i n d i c a t e s whether the b i a s t h a t has 
b e e n c a l c u l a t e d from t h e CAL d a t a i s o r i s n o t s t a t i s t i c a l l y 
s i g n i f i c a n t . To de te rmine t h i s , a t - t e s t was used to compare t h e mean 
v a l u e s measured at the CAL to those p rov ided by t h e USEPA on i t s da ta 
s h e e t s . For t h e y e a r s p r i o r t o 1981 when t h e mean and s t a n d a r d 
d e v i a t i o n v a l u e s were no t a v a i l a b l e from t h e USEPA, t h e t h e o r e t i c a l 
va lue was used for the a n a l y t i c a l b i a s c a l c u l a t i o n s and an e s t i m a t e d 
s t a n d a r d d e v i a t i o n c o n s i s t e n t wi th those found in t h e succeeding y e a r s 
was used to t e s t for the s t a t i s t i c a l s ign i f i cance of t h a t b i a s . 
Discussion of Results 
A r e v i e w o f t h e a n n u a l d a t a summar ies o f b i a s and p r e c i s i o n 
i n d i c a t e s few problems w i th a n a l y t i c a l b i a s . I t was no t p o s s i b l e t o 
c a l c u l a t e the s i g n i f i c a n c e of the b i a s for pH and s p e c i f i c conductance 
for 1979 and 1980 as the samples used were in-house formulat ions and the 
p r e p a r a t i o n s were not v e r i f i e d through ana lyses of the ions in s o l u t i o n . 
D u r i n g t h i s p e r i o d , t h e CAL s t a f f was e x p e r i m e n t i n g w i t h wha t 
fo rmu la t i ons might be a p p r o p r i a t e for use in the sample p r o c e s s i n g lab 
and were not as concerned with the accuracy of the p r e p a r a t i o n as wi th 
the s t a b i l i t y of the samples . The b i a s in t h e pH measurements r e p o r t e d 
in 1979 may in l a r g e p a r t be due to t h i s p r e p a r a t i o n i n a c c u r a c y . By 
1980 t h e QCC samples for pH and s p e c i f i c conduc t ance were c a r e f u l l y 
prepared and the b i a s r e p o r t e d more a c c u r a t e l y r e f l e c t s what might have 
e x i s t e d a t t h a t t i m e . B e g i n n i n g i n 1 9 8 1 , when sample p r e p a r a t i o n 
v e r i f i c a t i o n became r o u t i n e , the u n c e r t a i n t y in t h e sample p r e p a r a t i o n 
was used to perform the same s t a t i s t i c a l a n a l y s i s fo r the s i g n i f i c a n c e 
of t h e b i a s as was used for t h e o the r a n a l y t i c a l p a r a m e t e r s . For a l l pH 
and s p e c i f i c c o n d u c t a n c e m e a s u r e m e n t s of t h e pH 4 . 3 0 QCC s a m p l e 
( s p e c i f i c conductance of 21 .8 uS/cm) for 1981-1983, the b i a s found was 
not s t a t i s t i c a l l y s i g n i f i c a n t . The a l l o w a b l e v a r i a t i o n i n the p r e p a r -
a t i o n of the d i l u t e n i t r i c a c i d s o l u t i o n (pH 4.30 QCC sample) was 0.10 
p H u n i t s and t h a t f o r t h e d i l u t e p o t a s s i u m c h l o r i d e c o n d u c t i v i t y 
s t andard (pH 5.63 QCC sample) , 0.30 pH u n i t s . These l a rge u n c e r t a i n t i e s 
a l low for a c o n s i d e r a b l e b i a s in sample measurements be fo re t h a t b i a s 
becomes s t a t i s t i c a l l y s i g n i f i c a n t , p a r t i c u l a r l y for the pH 5.63 sample. 
The b i a s i n 1982 and 1983 f o r t h e pH 5 . 6 3 s a m p l e p r o v e d to be 
s t a t i s t i c a l l y s i g n i f i c a n t . As no ted e a r l i e r , a t pH l e v e l s o f g r e a t e r 
then 5.0 the e f f e c t of a tmospher ic carbon d iox ide on sample pH becomes 
impor tan t . Also at t h i s pH l e v e l , t h e hydrogen ion concen t ra t ion is very 
low and accep tab le v a r i a t i o n s in pH values r e s u l t in l a rge pe rcen t b i a s . 
The b i a s l i s t e d in Table 2 of Appendix D for the pH 5.63 sample a r e at 
f i r s t s t a r t l i n g , b u t t h e p r e c e e d i n g d i s c u s s i o n should have shown t h a t 
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the v a r i a t i o n a l lowable in t h e sample p repa ra t i on was the primary reason 
for t h e l a r g e d i s c r e p a n c i e s . The s t a n d a r d d e v i a t i o n for t h i s sample 
p r o v i d e s a b e t t e r a s s e s s m e n t o f t h e l a b o r a t o r y peformance and t h a t 
improved o r remained c o n s i s t e n t , p a r t i c u l a r l y for the l a s t t h r e e yea r s 
under d i s c u s s i o n . 
Although t h e r e s u l t s of the t - t e s t sometimes show the d e v i a t i o n of 
t h e CAL mean f rom t h e t h e o r e t i c a l v a l u e o r USEPA mean t o b e 
s t a t i s t i c a l l y s i g n i f i c a n t , t h e a c t u a l amount o f t h e d i f f e r e n c e in terms 
o f a n a l y t e c o n c e n t r a t i o n i s s m a l l . When t h e p e r c e n t b i a s i s l a r g e , a s 
wi th t h e 13.4% n e g a t i v e b i a s f o r t h e lowes t c o n c e n t r a t i o n r e f e r e n c e 
sample used for calcium in 1980, i t is p r imar i ly due to the small amount 
of a n a l y t e p r e s e n t in the s o l u t i o n . As ana ly te c o n c e n t r a t i o n s d e c r e a s e , 
t h e degree o f d i f f i c u l t y i n o b t a i n i n g a c c u r a t e d i l u t i o n s and a n a l y s e s 
i n c r e a s e s . T h i s f a c t i s emphas ized b y t h e i n c r e a s e d v a r i a b i l i t y i n 
p r e c i s i o n t h a t a c c o m p a n i e d t h i s l a r g e b i a s . O f more i m p o r t a n c e , 
p a r t i c u l a r l y when reviewing the da ta summaries for the metal c a t i o n s , is 
t h e f a c t t h a t w i t h t h e i n c r e a s e d e x p e r i e n c e o f t h e a n a l y s t comes 
improvement i n bo th t h e p e r c e n t b i a s and the p r e c i s i o n a t even t h e 
lowest concen t ra t ion l e v e l s . 
When c o n s i d e r i n g t h e d a t a summaries for t h e a n a l y t e s ammonium, 
n i t r a t e - n i t r i t e , and o r t h o p h o s p h a t e , the i n s t a b i l i t y o f t h e s e s p e c i e s 
must be remembered. The p e r c e n t b i a s and RSD f o r n i t r a t e - n i t r i t e a re 
q u i t e a c c e p t a b l e a t a l l l e v e l s . The ammonium d a t a a r e a l s o s a t i s -
f a c t o r y . The o r t h o p h o s p h a t e d a t a , however , r e f l e c t t h e e f f e c t s o f 
sample i n s t a b i l i t y . A l though n o t a p p a r e n t from t h e d a t a summar ies 
p r e s e n t e d in Table 12, the nega t ive pe rcen t b i a s p r e s e n t in 1981, 1982, 
and 1983 was p r i m a r i l y due to QCC sample decompos i t ion . Review of a l l 
of t h e d a t a f o r each yea r showed a c o n s i s t e n t downward t r e n d in the 
o r thopnospha te c o n c e n t r a t i o n of t h e QCC sample over a r e l a t i v e l y s h o r t 
t ime (3-4 d a y s ) . Th i s i n f o r m a t i o n l ed t o a p r o c e d u r a l change t h a t 
r e q u i r e d both t h e s t a n d a r d s and t h e QCC samples to be p r e p a r e d more 
f r e q u e n t l y . The new p rocedure r e s u l t e d in improved b i a s and p r e c i s i o n 
data for orthophosphate in the subsequent y e a r s . 
F i n a l l y , t h e d a t a summaries f o r c h l o r i d e e x h i b i t t h e e x p e c t e d 
improvement in measurement accuracy as a n a l y s t ' s e x p e r i e n c e w i t h both 
the method and i n s t r u m e n t a t i o n i n c r e a s e d . The g e n e r a l l y poor p r e c i s i o n 
of the s u l f a t e d a t a from 1982 and 1983 r e f l e c t s the impor tance of the 
a n a l y s t ' s s k i l l s t o the a c c u r a c y o f t h e measurements i n y e t a n o t h e r 
manner. The s t a f f summary in Table I I - 2 shows t h a t du r ing t h i s p e r i o d 
t h e r e were t h r e e d i f f e r e n t a n a l y s t s p e r f o r m i n g t h e s u l f a t e d e t e r -
m i n a t i o n s . The Methyl Thymol Blue method used for t h e s e d e t e r m i n a t i o n s 
r e q u i r e s a r i g o r o u s r o u t i n e m a i n t e n a n c e p rogram t o e n s u r e p r e c i s e 
r e s u l t s . A n a l y s t t u r n o v e r d u r i n g t h e 1982-1983 t i m e p e r i o d l i k e l y 
r e s u l t e d in the degradat ion of p r e c i s i o n due to inexper ience . 
B. REPLICATE SAMPLE DATA 
From the i n c e p t i o n of the program, r e p l i c a t e samples were analyzed 
and t h e da t a used to e v a l u a t e l a b o r a t o r y p r e c i s i o n . These s p l i t s were 
made in the sample p r o c e s s i n g s e c t i o n of t h e l a b . Three 60 mL a l i q u o t s 
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were collected after filtration from four percent of the precipitation 
samples arriving at the CAL. The same laboratory sample number was 
given to each of the samples with the first aliquot taken being 
designated A; the second, B; and the third refrigerated for storage in 
the sample archives. Samples A and B were subsequently placed side by 
side on a sample tray and submitted for analysis. Typically, the 
analysis of the B sample immediately followed analysis of the A sample. 
The fact that these were two aliquots of the same sample was known to 
all of the analysts. 
The next section of this report discusses the plots of the data 
derived from these replicate analyses. The plots are presented as 
Figures 1-50 in Appendix E. They are arranged by parameter with each 
figure representing one year's analyses. Because of the limited data 
from 1978, the analytical values for the replicate analyses from that 
year have been combined with those from 1979. Interpretation of the 
data and a summary statement about laboratory precision from 1978 
through 1983 are included. 
Range Selection 
The figures in Appendix E are plots of the concentration differ-
ences between replicate samples A and B in mg/L versus the average 
concentration of A and B in mg/L. The differences are always calculated 
using the formula [analyte concentration of A minus analyte concen-
tration of B]. The average is [analyte concentration of A plus analyte 
con- centration of B] divided by two. To facilitate the usefulness of 
the plots, the yearly assessments for each ion have been split into two 
sections. A median concentration for the six-year period under dis-
cussion was determined for each analyte. The first plot in each figure 
includes the range from 0 mg/L to the median concentration of the 
analyte of interest. The second plots of the figures begin with the 
median concentration value and continue to the ninety-fifth percentile 
concentration of that analyte found in the replicate samples analyzed 
during the entire period. Table IV-3 lists the median or fiftieth 
percentile and the ninety-fifth percentile concentrations for each 
analyte for the period 1978-1983. 
Tables and Plots 
Figures 1-50 in Appendix E are plots of the differences found at 
the CAL between two aliquots of the same precipitation sample analyzed 
in succession. The plots are grouped by analyte and each figure contains 
both low and high concentration plots for a single year. Plots of the 
difference between A and B are presented for all analytes except ortho-
phosphate. The number of precipitation samples containing ortho-
phosphate is small and the number of replicate samples containing 
differences in the orthophosphate concentrations, still smaller. Table 
IV-4 lists the percentage of splits which contained no measurable 
orthophosphate from 1978 through 1983. The difference between the 
orthophosphate concentration measured in samples A and B of the four to 
eight percent of the splits that contained the analyte was 0.000 mg/L 
for all but 1% of the samples. Plots of these differences were deemed 
unnecessary. 
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TABLE IV-3 Fiftieth and Ninety-fifth Percentile Concentration Values 
of Chemical and Physical Parameters Measured in Precipitation 
Samples Selected for Replicate Analyses for 1978-1983. 
Percentile Concentration Values (mg/L) 
Parameter Fiftieth Ninety-fifth 
Calcium 0.100 0.500 
Magnesium 0.025 0.125 
Sodium 0.100 0.500 
Potassium 0.025 0.125 
Ammonium 0.20 1.00 
Sulfate 1.50 7.50 
Nitrate-
Nitrite 1.00 5.00 
Chloride 0.30 1.50 
pH (units) 4.50 6.50 
Specific 
Conductance (uS/cm) 15.0 75.0 
TABLE IV-4 Percentage of Replicates in which the 
Concentration of Orthophosphate Is 








Table IV-5 l i s t s t h e mean d i f f e r e n c e s fo r each a n a l y t e f o r t h e 
p e r i o d b e i n g d i s c u s s e d . T a b l e s 1-5 i n Appendix E p r e s e n t c o m p l e t e 
annual s t a t i s t i c a l summaries of the d i f f e r e n c e s p l o t t e d in F igures 1-50. 
Again, because t h e number of s p l i t s t aken in 1978 and 1979 was s m a l l , 
t h e d a t a from these two y e a r s have been combined in both the p l o t s and 
t h e s t a t i s t i c a l summaries. 
Discussion of Results 
The da ta p resen ted in both the f i g u r e s and the t a b l e s i n d i c a t e t h a t 
t h e p r e c i s i o n a t t h e CAL fo r s p l i t s a n a l y z e d in s u c e s s i o n was always 
v e r y good. The p l o t s in p a r t i c u l a r show a c o n t i n u o u s improvement in 
a n a l y s t p r e c i s i o n from t h e s t a r t o f t h e p rogram t h r o u g h 1 9 8 3 . The 
d i f f e r e n c e s a r e a l m o s t a lways w i t h i n t h r e e t i m e s t h e MDL fo r each 
a n a l y t e and in most c a s e s a r e w i t h i n two t imes t h e MDL. P r e c i s i o n of 
t h i s q u a l i t y i s what shou ld b e e x p e c t e d f o r t h e s e t y p e s o f a n a l y s e s 
w h e r e t h e a n a l y s e s a r e p e r f o r m e d i n s u c c e s s i o n . The need f o r a 
d i f f e r e n t s o u r c e o f i n f o r m a t i o n t o b e u s e d i n t h e a s s e s s m e n t o f 
a n a l y t i c a l p r e c i s i o n was a p p a r e n t . S p l i t s t h a t were b l i n d t o t h e 
a n a l y s t s and a n a l y z e d a t d i f f e r e n t t i m e s were added t o t h e q u a l i t y 
a s s u r a n c e program in 1984 to p rov ide t h i s a d d i t i o n a l imformat ion . The 
d a t a t h a t r e s u l t e d from the a n a l y s i s o f t h e s e b l i n d s p l i t s w i l l appear 
in the Qual i ty Assurance Report for the years 1984-1985. 
TABLE IV-5 Mean Differences 
of Precipitation 
for Replicate Analyses 
Samples for 1978-1983. 
Mean Difference (mg/L) 
Parameter/Year 1978-1979 1980 1981 1982 1983 
Calcium 0.001 0.000 0.000 -0.001 0.001 
Magnesium 0.000 0.000 0.000 0.000 0.000 
Sodium -0.001 0.000 -0.001 0.000 0.001 
Potassium 0.000 0.000 0.000 0.000 0.000 
Ammonium -0.01 0.00 0.00 0.00 0.01 
Sulfate 0.00 0.00 0.00 -0.01 -0.01 
Nitrate-
Nitrite 0.00 0.00 0.00 0.01 0.00 
Chloride 0.00 0.00 0.00 0.00 0.00 
pH (units) 0.01 0.01 -0.01 0.00 -0.01 
Specific 
Conductance (uS/cm) -0.2 -0.1 0.0 0.0 0.0 
a n 54 125 175 212 255 
a. number of replicate pa irs 
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V. REANALYSIS PROCEDURES 
Once the a n a l y t e c o n c e n t r a t i o n s a r e de te rmined in a p r e c i p i t a t i o n 
sample, t he in fo rmat ion is e n t e r e d i n t o the CAL d a t a b a s e . The a n a l y t e 
c o n c e n t r a t i o n s a r e c o n v e r t e d from m i l l i g r a m s p e r l i t e r t o m i c r o -
e q u i v a l e n t s p e r l i t e r and an ion b a l a n c e c a l c u l a t i o n i s made f o r each 
s a m p l e . The i n f o r m a t i o n r e s u l t i n g from t h i s c a l c u l a t i o n i s used t o 
s e l e c t approximately 8 pe rcen t of the samples for r e a n a l y s i s . 
An ion b a l a n c e may be c a l c u l a t e d u s i n g one of s e v e r a l d i f f e r e n t 
m e t h o d s . F i g u r e V - l p r e s e n t s f o u r commonly employed m e t h o d s and 
demonstra tes how the r e s u l t s obta ined from each can be compared to those 
d e r i v e d from t h e o t h e r me thods . These methods may vary from a s imple 
ion r a t i o as u t i l i z e d by t h e NADP/NTN in the annual da ta summaries (3) 
to t h e more complex c a l c u l a t i o n s recommended by the USEPA ( 4 ) . Although 
s i m i l a r t o t h e c a l c u l a t i o n method employed a t t h e CAL, t h e formula 
recommended by the American Socie ty for Tes t ing and Ma te r i a l s (ASTM) (5) 
i s : 
I t is impor tant to know which method a l abo ra to ry employs, not only for 
p u r p o s e s o f d a t a c o m p a r i s o n s , b u t a l s o f o r d a t a i n t e r p r e t a t i o n , 
p a r t i c u l a r l y when t h i s in fo rmat ion w i l l be used to e v a l u a t e l a b o r a t o r y 
performance. 
The c a l c u l a t i o n method used by the CAL is more completely desc r ibed 
in F igure V-2. The f a c t o r s used to conver t the measured a n a l y t e concen-
t r a t i o n s from m i l l i g r a m s p e r l i t e r t o m i c r o e q u i v a l e n t s per l i t e r a r e 
l i s t e d in Table V - l . These were t aken from S tanda rd Methods f o r the 
Examination of Water and Wastewater(6) . 
TABLE V-l The Factors Used to Convert Analyte 
Concentrations from Milligrams per 
Liter to Microequivalents per Liter. 










a. Factors taken from Standard Methods for the Examination of 
Water and Wastewater (6). 
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COMPARISON OP 
ION BALANCE CALCULATION METHODS 
FIGURE V-l. A comparison of four methods that can be used to 
calculate an ion balance. 
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NADP/NTN Ion Balance 
Calculation Method 
* Concentrations are expressed as microequivalents/li ter 
FIGURE V-2. The formula used by the CAL to ca lcu la te an 
ion balance. 
I t s h o u l d b e no ted t h a t t h e CAL i n c l u d e s b i c a r b o n a t e i o n con -
c e n t r a t i o n when c a l c u l a t i n g t h e an ion sum fo r each sample . Th i s is a 
c a l c u l a t e d v a l u e t h a t i s based on the assumption t h a t the sample i s in 
e q u i l i b r i u m wi th a tmospher ic carbon d i o x i d e . The f i n a l formula used to 
der ive t h i s c a l c u l a t e d HCO3 concen t ra t ion i s : 
The b i c a r b o n a t e c o n c e n t r a t i o n t h a t is found by us ing the above formula 
i s e x p r e s s e d a s moles per l i t e r . I t i s c o n v e r t e d t o m i c r o e q u i v a l e n t s 
per l i t e r by m u l t i p l y i n g t h e c a l c u l a t e d c o n c e n t r a t i o n by 10 . A c a l -
c u l a t e d HCO3 c o n c e n t r a t i o n i s n o t n e c e s s a r i l y p a r t o f t h e i o n 
b a l a n c e c a l c u l a t i o n s used by o t h e r l a b o r a t o r i e s . T h e r e f o r e , I s t r e s s 
aga in the impor tance of knowing t h e e x a c t p r o c e d u r e s u t i l i z e d by each 
l a b o r a t o r y i n i t s c a l c u l a t i o n o f an ion b a l a n c e , be fo re a t t e m p t i n g t o 
compare l abo ra to ry performance by using ion balance as the c r i t e r i a . 
Ion b a l a n c e c a l c u l a t i o n s a r e a v a l u a b l e component of t h e CAL 
q u a l i t y a s s u r a n c e program. A l a r g e imbalance can be i n d i c a t i v e of an 
e r r o r i n the a n a l y s i s . I t may a l s o b e a n i n d i c a t i o n t h a t a d d i t i o n a l 
i o n i c s p e c i e s a r e p r e s e n t i n t h e sample and f u r t h e r a n a l y s e s a r e 
necessa ry to complete ly c h a r a c t e r i z e t h e sample . By s e l e c t i n g a maximum 
a l l o w a b l e i m b a l a n c e and r e a n a l y z i n g a l l s a m p l e s w i t h a n i m b a l a n c e 
g r e a t e r t han t h i s maximum, an imbalance t h a t r e s u l t e d from a n a l y t i c a l 
e r r o r can be found and co r r ec t ed . 
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In t h i s s e c t i o n , the c r i t e r i a used to s e l e c t samples for r e a n a l y s i s 
a r e p r e s e n t e d . A d i s c u s s i o n of the in format ion t h a t can be der ived from 
t h e s e r e a n a l y s i s p r o c e d u r e s and t h e i r e f f e c t o n t h e network d a t a a r e 
a l s o inc luded. 
A. Ion Balance Cri ter ia 
In 1978 and 1979 , when t h e c r i t e r i a f o r r e a n a l y s i s were b e i n g 
f o r m u l a t e d , ve ry l i t t l e i n f o r m a t i o n about t h e network was a v a i l a b l e . 
I n i t i a l l y , a l l samples w i t h an ion imbalance of + 15% or g r e a t e r were 
s e l e c t e d for r e a n a l y s i s . By e a r l y 1979, computer p rog rams had been 
d e v e l o p e d t o g e n e r a t e p l o t s t h a t r e l a t e d measured p H v a l u e s t o t h e 
c a l c u l a t e d ion p e r c e n t d i f f e r e n c e (IPD) v a l u e s g e n e r a t e d by t h e ion 
ba lance c a l c u l a t i o n . Using the in format ion p rov ided by t h e s e p l o t s and 
o t h e r in format ion about a n a l y t e c o n c e n t r a t i o n changes t h a t had r e s u l t e d 
from t h e r e a n a l y s e s of samples s e l e c t e d by the 15% c r i t e r i o n , t he CAL 
d i r e c t o r determined t h a t more s p e c i f i c c r i t e r i a based bo th on pH and IPD 
would be more a p p r o p r i a t e . In October 1979, the c r i t e r i a became: 
when the CAL measured pH was  4 . 7 , 
reanalyze if the IPD was >  13%; 
when the CAL measured pH was > 4 . 7 , 
reanalyze if the IPD was 
a. g r e a t e r t h a n [ ( - 1 0 . 0 x pH) + 6 1 . 0 ] , or 
b. l e s s than [ ( -10 .0 x pH) + 3 5 . 0 ] . 
These c r i t e r i a were used t h r o u g h o u t 1980 and most of 1981 to s e l e c t 
approximate ly 8% of the t o t a l number of samples ana lyzed by the CAL to 
be reanalyzed. 
Dur ing 1 9 8 1 , t h e n a t u r e o f t h e ne twork began t o change a s i t 
expanded f a r t h e r i n t o t h e wes t . While the number of d a t a changes t h a t 
r e s u l t e d a f t e r samples were reana lyzed remained t h e same, the number of 
samples be ing s e l e c t e d fo r r e a n a l y s i s con t inued t o i n c r e a s e wi th t h i s 
ne twork e x p a n s i o n . Th i s o c c u r r e d b e c a u s e many o f t h e p r e c i p i t a t i o n 
samples from the western s i t e s met t h e second c r i t e r i o n for r e a n a l y s i s 
s e l e c t i o n . Th i s a l s o r e s u l t e d i n a p r o g r e s s i v e l y r e g i o n a l i z e d sample 
s e t b e i n g s e l e c t e d f o r r e a n a l y s i s . The o b v i o u s need f o r d i f f e r e n t 
s e l e c t i o n c r i t e r i a prompted another a n a l y s i s of t h e da ta changes made as 
t h e r e s u l t of sample r e a n a l y s i s . A c l o s e r look was t a k e n a t the t ypes 
of samples t h a t were c o l l e c t e d and analyzed from the d i f f e r e n t r e g i o n s 
w i t h i n t h e n e t w o r k . In O c t o b e r 1981 a new s e t of c r i t e r i a had been 
developed and the necessary changes made in the computer program. 
The computer program t h a t c a l c u l a t e s an ion ba lance for each sample 
d e t e r m i n e s t h e ion sum o r t o t a l i o n i c s t r e n g t h o f t h e s a m p l e . The 
a n a l y t e c o n c e n t r a t i o n s have a l r e a d y been conve r t ed to m i c r o e q u i v a l e n t s 
per l i t e r as p a r t of the ion ba lance c a l c u l a t i o n . To o b t a i n the ion sum 
(IS) t h e t o t a l an ion c o n c e n t r a t i o n e x p r e s s e d i n m i c r o e q u i v a l e n t s i s 
added to the t o t a l c a t i o n c o n c e n t r a t i o n , a l s o in m i c r o e q u i v a l e n t s . Both 




b a l a n c e c a l c u l a t i o n were used in t h e new c r i t e r i a t o d e t e r m i n e which 
samples shou ld be r e a n a l y z e d . The ion b a l a n c e c r i t e r i a for r e a n a l y s i s 
s e l e c t i o n then became: 
when IS < 50 ueq/L, reanalyze if IPD > ± 60%; 
when 50 ≤ IS ≤ 100 ueq/L, reanalyze if IPD > ± 30%; 
and, when IS ≥ 100 ueq/L, reanalyze if IPD > ± 15% 
where IS = Ion Sum = (Anion + Cation) ueq/L, 
The g o a l was to s e l e c t 5-6% of t h e s amples a n a l y z e d at t h e CAL f o r 
r e a n a l y s i s . Time has proven t h i s to be an adequate s e t o f c r i t e r i a to 
r e a c h t h e d e s i r e d g o a l and i t h a s r e m a i n e d u n c h a n g e d s i n c e i t s 
formulat ion in 1981. 
B. Speci f ic Conductance Criter ia 
A n o t h e r p a r t o f t h e i o n b a l a n c e p r o g r a m u s e s t h e m e a s u r e d 
concen t r a t i on of a n a l y t e s to c a l c u l a t e a t h e o r e t i c a l conductance for the 
sample. The formula used i s : 
where ion concen t ra t ions are in microequivalents per l i t e r . 
The conductance f a c t o r s used in t h i s c a l c u l a t i o n for hydrogen ion and 
ammonium can be o b t a i n e d from t h e CRC Handbook of C h e m i s t r y and 
P h y s i c s ( 7 ) . The r ema in ing f a c t o r s can be found in S t a n d a r d Methods 
for the Examination of Water and Wastewater(6) . 
The c a l c u l a t e d conductance is compared to the measured conductance 
and a conduc tance p e r c e n t d i f f e r e n c e found. Th is compar ison u s e s t h e 
following equa t ion : 
Conductance Percent Difference = CPD = 
Once t h e CPD has been c a l c u l a t e d , i t can be used as a n o t h e r means of 
s e l e c t i n g samples for r e a n a l y s i s . I t was not u n t i l 1981 t h a t s u i t a b l e 
c r i t e r i a were deve loped to u t i l i z e t h i s CPD i n f o r m a t i o n . As w i t h t h e 
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ion pe rcen t d i f f e r e n c e , a l a r g e CPD may i n d i c a t e a measurement e r r o r in 
one or more of the a n a l y t e s . P e r c e n t i l e v a l u e s for measured s p e c i f i c 
conductance from 1978-1981 were used to formulate a s e t of CPD c r i t e r i a 
t h a t was added to t h e i on b a l a n c e p rogram in Oc tobe r 1 9 8 1 . The CPD 
c r i t e r i a a r e : 
when conductance measured ≤ 10 uS/cm, 
reanalyze if CPD > ± 65%; 
when 10 uS/cm < conductance measured ≤ 30 uS/cm, 
reanalyze if CPD > ± 45%; 
when 30 uS/cm < conductance measured ≤ 50 uS/cm, 
reanalyze if CPD >± 30%; 
and when conductance measured > 50 uS/cm, 
reanalyze if CPD >  20%. 
The p e r c e n t o f samples t h a t meet t h e s e c r i t e r i a i s g e n e r a l l y l e s s than 
2% and most o f t e n t hey have a l r e a d y been f l a g g e d b e c a u s e of an ion 
i m b a l a n c e . I t s t i l l p r o v i d e s a n o t h e r means o f d e t e c t i n g l a r g e 
a n a l y t i c a l e r r o r s and is a usefu l c a l c u l a t i o n to perform. 
C . Histograms 
F i g u r e s V-3 and V-4 a re h i s tog rams of the ion p e r c e n t d i f f e r e n c e 
v a l u e s and t h e conductance p e r c e n t d i f f e r e n c e v a l u e s for t h e samples 
from t h e NADP/NTN network for the year 1983. The h i s t o g r a m s f o r 1978 
through 1982 can be found in Appendix F. With each h i s tog ram, a median, 
a mean, and a s tandard d e v i a t i o n are noted. 
Although only samples wi th volumes g r e a t e r than 35 mL a r e inc luded 
i n t h e s e g r a p h s , they a r e s t i l l r e p r e s e n t a t i v e o f the o v e r a l l i n c r e a s e 
in the number of network samples du r ing t h e p e r i o d 1978 t h rough 1983. 
Sampling did not begin u n t i l J u l y 1978 and the h is tograms f o r t h a t year 
r e p r e s e n t on ly samples c o l l e c t e d in the f a l l and w i n t e r from s i t e s i n 
t h e e a s t e r n and c e n t r a l r e g i o n s of the Uni ted S t a t e s . The i n c r e a s e s in 
the numbers of samples ana lyzed in the succeeding y e a r s a r e the r e s u l t 
of network expansion from t h e o r i g i n a l 14 e a s t e r n and midwestern s i t e s 
to aproximately 130 s i t e s throughout the country by the end of 1983. 
The IPD his tograms for a l l s i x years dep ic t a very s i m i l a r p a t t e r n , 
as do t h e s i x CPD h i s tog rams . The IPD h is tograms approximate a normally 
d i s t r i b u t e d curve c e n t e r i n g around t h e 0% d i f f e r e n c e p o i n t . Th i s i s 
what one would expect i f the sample a n a l y s i s i n c l u d e s the major an ions 
and c a t i o n s i n p r e c i p i t a t i o n . The e l e v e n p a r a m e t e r s s e l e c t e d f o r 
a n a l y s i s a t the CAL appear to adequa te ly c h a r a c t e r i z e the p r e c i p i t a t i o n 
s a m p l e s c o l l e c t e d w i t h i n t h e NADP/NTN n e t w o r k . A g a i n , a n o r m a l 
d i s t r i p u t i o n around the 0% d i f f e r e n c e p o i n t would be expec ted for t h e 
CPD h i s t o g r a m s . I t d o e s n o t , h o w e v e r , o c c u r . T h e s e p l o t s have a 
n e g a t i v e skew. The c a l c u l a t e d conduc tance i s t y p i c a l l y l e s s t han t h e 
m e a s u r e d c o n d u c t a n c e . T h i s s u g g e s t s e i t h e r a m e a s u r e m e n t o r a 
c a l c u l a t i o n problem. The accuracy of the measurement has been checked 
±
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FIGURE V-3. Ion percent difference histogram for HADP/NTN 
wet side samples in 1983. 
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FIGURE V-4. Conductance percent difference histogram for NADP/NTN 
wet side samples in 1983. 
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and the s p e c i f i c conductance va lues obta ined for q u a l i t y con t ro l samples 
w i t h c e r t i f i e d c o n d u c t i v i t y v a l u e s a r e c o n s i s t e n t l y w i t h i n t h e 
a c c e p t a b l e l i m i t s . This l e a v e s a problem i n t h e c a l c u l a t i o n s a s t h e 
s o u r c e o f t h e skewed c u r v e . Us ing t h e c o n s t a n t s found in t h e CRC 
Handbook i n s t e a d o f t h o s e i n S t a n d a r d Methods t o d e t e r m i n e t h e 
c a l c u l a t e d s p e c i f i c conductance r e s u l t s in a popu la t i on mean d i f f e r ence 
c l o s e r t o 0%. The change t o t h e s e c o n s t a n t s was p u t i n t o e f f e c t 
beg inn ing in March 1987. This n e g a t i v e skew may a l s o be t h e r e s u l t of 
the presence of ions not being r o u t i n e l y measured at the CAL. The curve 
is c e n t e r i n g near -10% in most years which may r e s u l t from the presence 
of low c o n c e n t r a t i o n s of ions whose p r e s e n c e go u n d e t e c t e d in the IPD 
c a l c u l a t i o n s and r e s u l t a n t h i s t o g r a m s . The p r e s e n c e o f ve ry t r a c e 
amounts of metal ions complexed with unmeasured an ions , such as bromide, 
cou ld go u n d e t e c t e d by t h e ion b a l a n c e c a l c u l a t i o n b u t r e s u l t in a 
negat ive conductance percent d i f f e r e n c e . 
D. Discussion of Results 
The f a c t t h a t a sample does no t s a t i s f y the c r i t e r i a p r e v i o u s l y 
d e s c r i b e d and i s s e l e c t e d b y t h e p rogram f o r r e a n a l y s i s does n o t 
n e c e s s a r i l y mean i t w i l l be r e a n a l y z e d . R e a n a l y s i s may be i m p o s s i b l e 
simply because a l l of the sample was used dur ing the i n i t i a l a n a l y s e s . 
Also , s p l i t s a r e not reana lyzed i f the o r i g i n a l d u p l i c a t e ana lyses were 
the same or very s i m i l a r to each o t h e r . A l l o t h e r samples f l agged by 
t h e i o n b a l a n c e p r o g r a m a r e r e t r i e v e d and r e a n a l y z e d f o r a l l 
c o n s t i t u e n t s . 
Once the r e a n a l y s i s has been completed, the new da ta a r e compared 
to the o r i g i n a l d a t a . When s u b s t a n t i a l d i f f e r e n c e s a r e found between 
the two r e s u l t s , r easons for t h e d i f f e r e n c e are sough t . The f i r s t s t e p 
i s t o a n a l y z e t h e r e f r i g e r a t e d a l i q u o t when one i s a v a i l a b l e . S ince 
r e f r i g e r a t i o n is a means of sample p r e s e r v a t i o n , t he i n t e g r i t y of the 
r e f r i g e r a t e d a l i q u o t should have been main ta ined . If the d i f f e rence was 
the r e s u l t of decomposition of the sample s to r ed at room tempera ture , i t 
w i l l b e a p p a r e n t . When t h e r e s u l t s from t h e a n a l y s i s o f t h e r e -
f r i g e r a t e d a l i q u o t a re more l i k e the r e a n a l y s i s v a l u e , t he source of the 
e r r o r i n the o r i g i n a l a n a l y s i s i s s o u g h t . A n a l y s t ' s i n p u t a s t o t h e 
p o s s i b l e s o u r c e o f e r r o r i s a lways r e q u e s t e d and u t i l i z e d t o e x p l a i n 
d i sc repanc ies between o r i g i n a l and r e a n a l y s i s r e s u l t s . 
When a d i f f e r e n c e in o r i g i n a l and r e a n a l y s i s v a l u e s occurs and no 
e x p l a n a t i o n can b e found , t h e o r i g i n a l d a t a a r e r e p o r t e d . I f t h e 
d i f f e r e n c e i s e x p l a i n e d , t h e d a t a w i l l be changed and a new v a l u e 
r e p o r t e d . For a l l of the samples r eana lyzed , l e s s than one pe rcen t w i l l 
r e q u i r e any change in the o r i g i n a l d a t a . The o v e r a l l r e s u l t i s app rox i -
mately 0.1% of the f i n a l data changed from what was i n i t i a l l y r epor t ed . 
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V I . EXTERNAL QUALITY ASSURANCE PROGRAM PARTICIPATION 
The a n a l y t i c a l b i a s and p r e c i s i o n i n fo rma t ion r e p o r t e d in Sec t ion 
IV and Appendix D of t h i s r e p o r t are suppor ted by the CAL's performance 
in s e v e r a l d i f f e r e n t e x t e r n a l q u a l i t y a s su rance programs. The U.S. Geo-
l o g i c a l Survey has accepted t h e p o s i t i o n as the e x t e r n a l a u d i t i n g agency 
o f t h e CAL f o r t h e n a t i o n a l m o n i t o r i n g n e t w o r k . In a d d i t i o n to t h i s 
e x t e r n a l q u a l i t y a s s u r a n c e program, t h e CAL v o l u n t a r i l y p a r t i c i p a t e s 
i n o t h e r n a t i o n a l and i n t e r n a t i o n a l p e r f o r m a n c e s t u d i e s . I n t h e 
fo l lowing s e c t i o n of t h i s r e p o r t , t h e performance of the CAL in each of 
t he se s t u d i e s i s addressed . 
A. U . S . G e o l o g i c a l Survey E x t e r n a l Audit Program 
The U. S. G e o l o g i c a l S u r v e y ' s e x t e r n a l a u d i t program for t h e CAL 
h a s two c o m p o n e n t s . These a r e a b l i n d sample program and an i n t e r -
l a b o r a t o r y c o m p a r i s o n s t u d y . The d a t a o b t a i n e d from each o f t h e s e 
programs complement t h e o ther by p rov id ing a d d i t i o n a l informat ion about 
not only the CAL performance but a l s o the e f f e c t s of the sample handl ing 
i n the f i e l d . 
The NADP/NTN Bl ind Audit Program was s t a r t e d in October 1979 ( 1 ) . 
At t h a t t ime t h e USGS supp l i ed Standard Reference Water Samples (SRWS) 
to t h e s i t e s i n t h e sampl ing ne twork . The f i r s t week a s i t e d i d not 
have r a i n , the s i t e ope ra to r was d i r e c t e d to pour t h i s known sample i n t o 
a c lean bucket and submit it to the CAL as the r a i n sample for the week. 
The s i t e o p e r a t o r was to a l s o n o t i f y t h e USGS and t h e C o o r d i n a t o r ' s 
Off ice t h a t the SRWS had been sen t and on what day. The sample would be 
p r o c e s s e d by t h e CAL as a normal r a i n sample . This program r e l i e s on 
t h e c o o p e r a t i o n o f the s i t e o p e r a t o r s . I t r e f l e c t s t h e e f f e c t s o f the 
sample h a n d l i n g from t h e t ime i t i s b o t t l e d a t t h e USGS u n t i l i t i s 
analyzed at the CAL. 
The a u d i t program focuse s on t h e a n a l y t i c a l d a t a o b t a i n e d from 
a n a l y s i s o f t h e samples for c a l c i u m , magnesium, sodium, p o t a s s i u m , 
s u l f a t e and c h l o r i d e . Many of t h e SRWS s a m p l e s used in t h e program 
t h r o u g h 1983 have a n a l y t e c o n c e n t r a t i o n s h i g h e r t h a n t h o s e found in 
r a i n w a t e r and of ten must be d i l u t e d by the l a b o r a t o r y before a n a l y s i s . 
Table VI-1 l i s t s t he maximum a n a l y t e c o n c e n t r a t i o n t h a t can be p r e s e n t 
in a sample be fo re a d i l u t i o n p r i o r to a n a l y s i s i s n e c e s s a r y . The f a c t 
t h a t a d i l u t i o n of the sample has been made adds ano ther v a r i a b l e to be 
c o n s i d e r e d when i n t e r p r e t i n g t h e d a t a . A r e p o r t on t h e i n f o r m a t i o n 
obta ined from the program has been prepared by Schroder , et a l . ( 8 ) . 
The USGS i n t e r l abo ra to ry comparisons were s t a r t e d in the l a t e f a l l 
o f 1982. P a r t i c i p a n t s i n the s tudy w e r e : I n l a n d Waters D i r e c t o r a t e , 
O n t a r i o , Canada (IWD); I l l i n o i s S t a t e Water Survey, Champaign, I l l i n o i s 
(CAL); U . S . G e o l o g i c a l Survey N a t i o n a l Water Q u a l i t y L a b o r a t o r y , 
A t l a n t a , G e o r g i a (ATL); and U . S . G e o l o g i c a l Survey N a t i o n a l Water 
Q u a l i t y L a b o r a t o r y , Denver, Colorado (DEN). The s tudy was des igned to 
d e t e r m i n e i f t h e four t e s t l a b o r a t o r i e s were p r o d u c i n g comparab le 
r e s u l t s , document a n a n a l y t i c a l b i a s f o r each l a b , and e s t i m a t e 
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analytical precision. Precipitation samples from sites in the NADP/NTN 
network were split at the CAL and sent to the USGS Central Laboratory in 
Denver. The samples were then distributed to each of the four partici-
pants for analysis. Data obtained from the analysis of calcium, 
magnesium, sodium, potassium, ammonium, sulfate, nitrate, chloride, pH, 
and specific conductance were subsequently returned to the Denver 
facility. Water-Resources Investigations Report 85-4313 by Brooks, et 
al.(9) discusses the USGS analysis of the data received from November 
1982 - August 1983. 
TABLE VI-1 The Maximum Analyte Concentration 
Measured Before Sample 
Dilution Is Required. 
Analyte Concentration (mg/L) Dates 
Calcium 3.00 1/79 - 12/83 
Magnesium 1.00 1/79 - 12/83 
Sodium 1.00 1/79 - 12/83 
Potassium 1.00 1/79 - 12/83 























B. Interlaboratory Comparison Studies 
Between 1978 and 1983 , t h e CAL p a r t i c i p a t e d in s e v e r a l o t h e r 
i n t e r l a b o r a t o r y performance s t u d i e s in a d d i t i o n to t h e USGS sponsored 
comparison j u s t d i s c u s s e d . These s t u d i e s were sponsored by s t a t e and 
f e d e r a l gove rnmen t a g e n c i e s and i n t e r n a t i o n a l o r g a n i z a t i o n s . T h i s 
s e c t i o n con t inues wi th a b r i e f d e s c r i p t i o n of the s t u d i e s in which the 
CAL p a r t i c i p a t e d . The CAL d a t a for each s tudy a re p r e s e n t e d in t a b l e s 
which a l s o i n c l u d e the expec ted a n a l y t e c o n c e n t r a t i o n s . More d e t a i l e d 
e x p l a n a t i o n s o f t h e l a b o r a t o r y i n t e r c o m p a r i s o n s a r e c o n t a i n e d i n t h e 
agency summaries referenced at the end of t h i s r e p o r t . 
World Meteorological Organization/ 
United States Environmental Protection Agency 
I n a n a t t e m p t t o e s t a b l i s h c o o p e r a t i o n among i n t e r n a t i o n a l 
p r e c i p i t a t i o n l a b o r a t o r i e s and t o b e t t e r e v a l u a t e i t s network d a t a , the 
World M e t e o r o l o g i c a l O r g a n i z a t i o n (WMO) s e l e c t e d a P r e c i p i t a t i o n 
Refe rence L a b o r a t o r y (PRL) in 1975. I t d e s i g n a t e d t h e Env i ronmen ta l 
M o n i t o r i n g S y s t e m s L a b o r a t o r y (EMSL) o f t h e U . S . E n v i r o n m e n t a l 
P r o t e c t i o n Agency, Resea rch T r i a n g l e P a r k , N.C. to be t h i s PRL and 
d i r e c t e d i t to achieve the goa ls i t had s e t by des ign ing and conduct ing 
i n t e r l a b o r a t o r y comparison s t u d i e s . The f i r s t WMO sponsored s t u d y in 
which t h e CAL p a r t i c i p a t e d was the Thi rd I n t e r c o m p a r i s o n . Table VI-2 
l i s t s t h e CAL da ta and t h e Na t iona l Bureau of S t anda rds (NBS) expec ted 
v a l u e s . The CAL performance at t h a t t ime was g e n e r a l l y very good at the 
low a n a l y t e c o n c e n t r a t i o n s wi th some p o t e n t i a l problem a r e a s a t ve ry 
high a n a l y t e c o n c e n t r a t i o n s , e . g . a c h l o r i d e value of 37.7 mg/L i n s t e a d 
of the expected 4 2 . 4 . Ra t ing of each l a b o r a t o r y was not a p a r t of t h i s 
WMO i n t e r c o m p a r i s o n . O v e r a l l improvement by a l l of the p a r t i c i p a t i n g 
l a b o r a t o r i e s s i nce the second in tercompar ison was the only assessment of 
l abora to ry performance made (10) . 
Wi th t h e r e p o r t f o r t h e F o u r t h I n t e r l a b o r a t o r y C o m p a r i s o n , 
i n d i v i d u a l l a b o r a t o r y e v a l u a t i o n s were i n c l u d e d . Table Vl -3 p r e s e n t s 
the CAL data and the NBS expected va lues for the two t e s t samples . The 
a n a l y t e c o n c e n t r a t i o n s in t h e s e samples were c l o s e r to t hose found in 
p r e c i p i t a t i o n , and the d e v i a t i o n of the CAL r e s u l t s from the expec ted 
va lues was q u i t e small for a l l a n a l y t e s . 
The CAL d a t a and NBS e x p e c t e d a n a l y t e c o n c e n t r a t i o n s f o r t h e 
samples i n t h e S i x t h and t h e Seven th I n t e r c o m p a r i s o n s a r e found in 
T a b l e s VI -4 and V I - 5 , r e s p e c t i v e l y . These d a t a i n d i c a t e c o n t i n u e d 
improvement in the accuracy of the CAL d a t a . Th i s improvement is more 
c l e a r l y e v i d e n t i n t h e summary p r e s e n t e d i n T a b l e V I - 6 . The 
c a l c u l a t i o n s used to p repa re t h i s summary a re those used by the WMO in 
i t s a n a l y s i s of i nd iv idua l l abo ra to ry performance and a re taken from the 
f i n a l r e p o r t fo r the Fourth In tercompar ison (11) and the r e p o r t for the 
in te rcompar i sons performed in 1983 ( 1 2 ) . Table VI-6 was f i r s t p r e sen t ed 
in Chapter 10 of Semonin, et a l . (13) which d i scusses in more d e t a i l the 
CAL p a r t i c i p a t i o n in the WMO s t u d i e s . 
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TABLE VI-2 Third Interlaboratory Comparison of Reference 
Precipitation Samples - December 1978 -









1 CAL Expected 
Calcium (mg/L) 0.09 0.08 0.88 0.77 7.2 6.0 
Magnesium (mg/L) 0.117 0.110 1.20 1.12 <0.002 
Sodium (mg/L) 0.151 0.151 2.71 2.86 9.76 9.66 
Potassium (mg/L) 0.193 0.199 0.957 0.994 4.90 4.94 
Ammonium (mg/L) 0.13 0.11 1.07 1.07 10.1 10.2 
Nitrate (mg/L) 0.44 0.50 3.14 3.02 15.5 14.5 
Chloride (mg/L) 0.95 1.35 6.63 7.22 37.7 42.4 
Sulfate (mg/L) 3.3 2.7 9.3 7.9 10.2 9.9 
pH (units) 4.24 4.48 4.07 4.08 5.75 5.98 
Specific 
Conductance (uS/cm) 
27.9 28.8 76.5 77.9 199.1 190.5 
TABLE VI-3 Fourth Interlaboratory Comparison of Reference 
Precipitation Samples - July 1980 -






Calcium (mg/L) 0.24 0.25 0.67 0.65 
Magnesium (mg/L) 0.056 0.056 0.230 0.226 
Sodium (mg/L) 0.282 0.284 0.542 0.554 
Potassium (mg/L) 0.146 0.156 0.488 0.506 
Ammonium (mg/L) 0.22 0.21 0.70 0.66 
Nitrate (mg/L) 0.84 0.82 2.17 2.15 
Chloride (mg/L) 0.98 0.91 3.29 3.27 
Sulfate (mg/L) 0.84 0.78 2.73 2.32 
pH (units) 5.06 5.03 4.28 4.35 
Specific 
Conductance (uS/cm) 
10.8 9.9 39.1 38.5 
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TABLE VI- 4 Sixth Interlaboratory Comparison of Reference 
Precipitation Samples - April 1983 -
Compares CAL Values to NBS Expected Values. 
Samples 
Parameter 1XXX 





Calcium (mg/L) 0.06 0.06 0.42 0.40 0.14 0.15 
Magnesium (mg/L) 0.02 0.02 0.08 0.08 0.06 0.06 
Sodium (mg/L) 0.24 0.25 1.75 1.83 1.23 1.36 
Potassium (mg/L) 0.08 0.08 0.81 0.80 0.51 0.55 
Ammonium (mg/L) 0.17 0.14 1.06 1.11 0.45 0.41 
Nitrate (mg/L) 0.66 0.62 3.65 3.34 3.72 3.72 
Chloride (mg/L) 0.39 0.40 2.84 2.82 1.06 1.15 
Sulfate (mg/L) 1.74 1.80 13.4 12.79 6.23 6.32 
pH (units) 4.48 4.51 3.48 3.51 3.93 3.92 
Specific 18.2 
Conductance (uS/cm) 
17.1 165.3 156.0 66.1 65.5 
TABLE VI -5 Seventh Interlaboratory Comparison of Reference 
Precipitation Samples - November 1983 -
Compares CAL Values to NBS Expected Values. 
Samples 
Parameter lxxx 





Calcium (mg/L) 0.11 0.11 3.35 3.63 1.92 2.06 
Magnesium (mg/L) 0.01 0.01 0.38 0.37 0.25 0.25 
Sodium (mg/L) 0.07 0.08 1.49 1.44 0.25 0.26 
Potassium (mg/L) 0.05 0.05 1.53 1.47 2.71 2.68 
Ammonium (mg/L) 0.44 0.43 2.31 2.31 0.45 0.44 
Nitrate (mg/L) 0.13 0.13 6.20 6.11 4.52 4.52 
Chloride (mg/L) 1.05 1.01 10.12 10.33 4.22 4.17 
Sulfate (mg/L) 1.65 1.71 10.7 11.1 17.0 17.7 
pH (units) 4.50 4.45 3.75 3.72 3.50 3.49 
Specific 19.2 
Conductance (uS/cm) 
19.0 135.9 135.0 153.4 165.8 
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Reference Precipitation Samples.a 
Number of b Mean % Difference 
Intercomparison Participating From Expected value 
numoer Date Laboratories (n) CAL All Labs 
Fourth 7/80 27 4.38 17.67 
Sixth 4/83 22 3.89 17.47 
Seventh 11/83 22 2.65 23.51 
a. Chemical parameters used in the calculation were Ca, Mg, Na, K, NH4, NO3, 
cl, so4, pH, , and Specif ic Conductance. 
b. Mean % Difference = 
In each of the i n t e r l a b o r a t o r y comparisons, the CAL a l s o determined 
a c i d i t y and t r a c e metal concen t r a t i ons for the t e s t samples . Information 
r e g a r d i n g t h e s e a n a l y s e s can b e found i n t h e f i n a l r e p o r t s f o r each 
s t u d y . 
I L L I N O I S ENVIRONMENTAL PROTECTION AGENCY 
I n December o f 1981 t h e A n a l y t i c a l C h e m i s t r y U n i t o f t h e I l l i n o i s 
S t a t e W a t e r S u r v e y , o f w h i c h t h e CAL l a b o r a t o r y i s a p a r t , r e c e i v e d 
c e r t i f i c a t i o n a s a n e n v i r o n m e n t a l l a b o r a t o r y f r o m t h e I l l i n o i s 
E n v i r o n m e n t a l P r o t e c t i o n Agency ( I E P A ) . A s p a r t o f t h e c e r t i f i c a t i o n 
p r o c e d u r e , a t e a m o f r e v i e w e r s from t h e IEPA i n s p e c t e d t h e f a c i l i t i e s 
and i n t e r v i e w e d t h e s t a f f t o d e t e r m i n e i f t h e r e g u l a t i o n s s e t b y t h e 
IEPA w e r e b e i n g f o l l o w e d ( 1 4 ) . A n a l y s i s o f p e r f o r m a n c e e v a l u a t i o n 
s amp le s c o n t a i n i n g t h e p a r a m e t e r s f o r which c e r t i f i c a t i o n was r e q u e s t e d , 
was a l s o r e q u i r e d . Each l a b o r a t o r y was r a t e d s a t i s f a c t o r y o r u n s a t i s -
f a c t o r y f o r e v e r y a n a l y t i c a l v a l u e i t r e p o r t e d . I n f o r m a t i o n r e g a r d i n g 
t h e t r u e o r e x p e c t e d v a l u e s f o r t h e a n a l y t e s p r e s e n t i n t h e t e s t samples 
w a s n o t made a v a i l a b l e t o t h e p a r t i c i p a n t s . The CAL r e c e i v e d a 
s a t i s f a c t o r y r a t i n g f o r a l l v a l u e s r e p o r t e d . 
T h i s c e r t i f i c a t i o n was f o r c h e m i c a l a n a l y s i s o f p u b l i c w a t e r s u p p l y 
s a m p l e s ; h o w e v e r , t h e p a r a m e t e r s t h a t w e r e c e r t i f i e d i n c l u d e d t h o s e 
found i n p r e c i p i t a t i o n and t h e a n a l y t i c a l methods were t h o s e u s e d b y t h e 
CAL. The CAL l a b o r a t o r y s t a f f w e r e among t h o s e i n t e r v i e w e d and w e r e 
r e s p o n s i b l e f o r most o f t h e a n a l y t i c a l d a t a r e p o r t e d . 
The c e r t i f i c a t i o n was v a l i d f o r two y e a r s a n d r e c e r t i f i c a t i o n was 
r e q u e s t e d i n 1 9 8 3 . The o n - s i t e r e v i e w o f t h e l a b o r a t o r y , i t s s t a f f , and 
t h e a n a l y t i c a l m e t h o d s b e i n g u s e d , t o o k p l a c e i n S e p t e m b e r and t h e new 
C e r t i f i c a t e o f Approva l was i s s u e d in December 1 9 8 3 . 
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CANADA CENTRE FOR INLAND WATERS (CCIW) 
The Canadian Long Range Transpor t of Atmospheric P o l l u t a n t s (LRTAP) 
program began i n t e r l a b o r a t o r y c o m p a r a b i l i t y s t u d i e s in December 1982 
(15 ) . The f i r s t s tudy in which t h e CAL p a r t i c i p a t e d was Study L4 which 
took p l a c e in August 1983. The CAL and 35 Canadian l a b o r a t o r i e s were 
a s k e d t o a n a l y z e 1 1 w a t e r s a m p l e s t h a t i n c l u d e d n a t u r a l w a t e r s , 
p r e c i p i t a t i o n , and s y n t h e t i c i n t e r n a l r e f e r e n c e w a t e r s , fo r a l l the 
parameters which were r o u t i n e l y analyzed by t h e i n d i v i d u a l l a b s . Median 
c o n c e n t r a t i o n s for each pa r ame te r were de te rmined u s i n g t h e d a t a r e -
p o r t e d by the 36 p a r t i c i p a t i n g l a b o r a t o r i e s . T h i s became t h e t a r g e t 
value used to judge l abo ra to ry performance. Tables VI-7 though VI-9 l i s t 
t h e median v a l u e and t h e v a l u e r e p o r t e d by t h e CAL f o r t h e 11 t e s t 
samples . 
The a g r e e m e n t b e t w e e n t h e CAL v a l u e and t h e CCIW median was 
g e n e r a l l y very good. The n o t i c e a b l e excep t ions were the n i t r a t e - n i t r i t e 
a n a l y s e s . The s amp le s were a n a l y z e d by Ion Chromatography and t h e 
d i f f e r e n c e between the CAL r e p o r t e d v a l u e s and the median was c o n s i s -
t e n t l y e q u a l t o t h e m e a s u r e d n i t r i t e c o n c e n t r a t i o n . T h i s was 
p a r t i c u l a r l y apparen t in sample 11 when the d i sc repancy between the two 
r e s u l t s and the n i t r i t e l e v e l s were q u i t e l a r g e . 
A l l p a r t i c i p a n t s r e c e i v e d a r a t i n g of s a t i s f a c t o r y , modera te , o r 
p o o r w i t h t h e CAL r e c e i v i n g a s a t i s f a c t o r y . The d a t a from and 
e v a l u a t i o n f o r a l l p a r t i c i p a n t s can b e found i n t h e "LRTAP I n t e r -
comparison Study L4" by Aspila and Todd (16) . 
TABLE VI-7 LRTAP Interlaboratory Comparability Study I 14 -
August 1983 - CAL Reported Values Compared to 
CCIW Median Values for Calcium, Magnesium, 
Sodium, , and Potassium. 
Calcium Magnesium Sodium Potassium 
Sample (mg/L) (mg/L) (mg/L) (mg/L) 
Number CAL CCIW CAL CCIW CAL CCIW CAL CCIW 
1 0.444 0.442 0.402 0.390 3.12 3.20 0.264 0.260 
2 0.457 0.435 0.330 0.310 2.81 2.62 0.208 0.200 
3 0.902 0.895 0.453 0.440 3.19 3.10 0.288 0.284 
4 0.465 0.443 0.330 0.310 2.72 2.63 0.174 0.170 
5 1.82 1.76 0.488 0.470 2.50 2.46 0.173 0.165 
6 <0.009 0.040 0.741 0.700 0.722 0.711 1.09 1.09 
7 0.304 0.300 0.068 0.070 0.533 0.519 0.347 0.325 
8 2.22 2.13 0.626 0.605 0.050 0.060 0.085 0.088 
9 1.00 0.970 0.213 0.210 0.216 0.200 0.118 0.120 
10 13.3 13.0 2.76 2.70 1.24 1.24 0.508 0.500 
11 42.4 42.0 9.3 9.10 18.9 18.95 0.894 0.897 
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TABLE VI-8 LRTAP Interlaboratory Coaparability Study 
August 1983 - CAL Reported Values Compared 















1 4.07 4.06 2.70 2.65 0.18 0.04 
2 3.14 3.15 1.75 1.75 0.13 0.02 
3 4.50 4.48 7.30 7.10 0.13 0.02 
4 3.32 3.26 2.05 1.98 0.13 0.03 
5 3.08 2.98 3.74 3.47 0.53 0.40 
6 0.81 0.82 3.23 3.03 0.49 0.45 
7 1.44 1.45 0.25 0.33 0.09 0.04 
8 0.76 0.74 5.60 5.21 2.35 2.28 
9 0.62 0.585 5.19 4.80 2.48 2.48 
10 1.09 1.17 3.36 3.20 1.37 1.35 
11 107.6 104.7 39.0 37.0 4.29 0.15 
TABLE VI-9 LRTAP 
August 
Median 
Interlaboratory Comparability Study #4 -
: 1983 - CAL Reported Values Compared to CCIW 









1 4.62 4.60 31.9 32.2 
2 4.49 4.50 30.5 30.8 
3 4.11 4.10 55.9 59.0 
4 4.61 4.64 28.0 28.9 
5 6.07 6.24 26.7 27.6 
6 5.08 5.02 18.5 18.6 
7 5.60 5.60 7.5 7.97 
8 5.98 6.30 25.4 26.8 
9 4.31 4.31 33.2 33.9 
10 7.36 7.70 88.5 93.2 
11 5.91 5.51 418.6 434.0 
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V I I . SUMMARY 
When f i r s t o r g a n i z e d , t h e NADP e s t a b l i s h e d as one of the pr imary 
g o a l s of t h e p r o j e c t t h e p r o d u c t i o n of a n a l y t i c a l da t a which were of 
t h e h i g h e s t q u a l i t y . To ach ieve t h i s end, g u i d e l i n e s and e x p e c t a t i o n s 
were e s t a b l i s h e d for f i e l d , l a b o r a t o r y and da ta management o p e r a t i o n s . 
The o r i g i n a l g u i d e l i n e s can be found in the NADP Plan of Research (17) 
t h a t was p u b l i s h e d in 1982 . The NADP Q u a l i t y A s s u r a n c e P l a n f o r 
Depos i t i on Moni tor ing (18) p repa red in 1984 more c l e a r l y d e f i n e s t he se 
g u i d e l i n e s and f u l l y d o c u m e n t s t h e r e q u i r e m e n t s o f t h e n e t w o r k 
regard ing a l l t h r e e a reas of ope ra t i on . 
The CAL labora to ry was d i r e c t e d to produce data whose p r e c i s i o n and 
b i a s were q u a n t i f i e d . Minimum method d e t e c t i o n l i m i t s were e s t a b l i s h e d 
for a l l a n a l y t i c a l pa rame te r s and l i m i t s for the v a r i a n c e i n accuracy 
were d e f i n e d . F i n a l l y , complete documenta t ion o f a l l q u a l i t y a s su rance 
p rocedures in use at the CAL was r e q u i r e d as wel l as annual r e p o r t s of 
the information derived from the q u a l i t y assurance d a t a . 
The d a t a p r e s e n t e d in t h i s r e p o r t i n d i c a t e t h e CAL has ach i eved 
what was r e q u i r e d . T h i s r e p o r t a s a whole d o c u m e n t s t h e q u a l i t y 
a s su rance program p r a c t i c e s as they have deve loped . The da ta t a b l e s in 
Appendix D p rov ide annual a s se s smen t s of the a n a l y t i c a l b i a s and p r e -
c i s i o n and i n d i c a t e t h a t the l i m i t s s e t for v a r i a n c e in accuracy were 
met . The MDLs l i s t e d in Table I I - l meet or exceed t hose r e q u i r e d . With 
t h i s r e p o r t for 1978-1983, q u a l i t y assurance data for the ea r ly years of 
the p r o j e c t become a v a i l a b l e to t h e da ta u s e r . The CAL, in con junc t ion 
w i t h t h e NADP/NTN Q u a l i t y A s s u r a n c e Manager and t h e C o o r d i n a t o r ' s 
O f f i c e , i s c u r r e n t l y a t t e m p t i n g t o p r o v i d e t h e more r e c e n t q u a l i t y 
a s su rance da ta in a more t imely manner and thus meet a l l of the d e s i r e d 
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GLOSSARY OF TERMS 
Item Abbreviation Definition 
Accuracy The difference between the mean 
value and the true value when the 
latter is known or assumed. The 
concept of accuracy includes both 
bias (systematic error) and pre-
cision (random error). 
Bias A persistent positive or negative 
deviation of the measured value 
from the true value, due to the 
experimental method. In practice, 
it is expressed as the difference 
between the mean value obtained 
from repetitive testing of a 
homogenous sample and the accepted 
true value: 
Bias = measured value - true value 
Mean 
Mean Bias 
Method Detection MDL The minimum concentration of an 
Limit analyte that can be reported with 
99% confidence that the value is 
above zero. The MDL is operation-
ally defined as 3X the standard 
deviation of repetitive measurements 
at or near the blank level. 
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Percent Bias The difference between the mean 
value obtained by repeated testing 
of a homogenous sample and the 
accepted true value expressed as a 
percentage of the true value: 
% Bias = 100 x [ (Vm - Vt ) /Vt] 
where: Vm = measured value 
vt = true value 
Precision The degree of agreement of repeated 
measurements of a homogenous sample 
by a specific procedure, expressed 
in terms of dispersion of the 
values obtained about the mean 
value. It is often reported as 
the sample standard deviation (s). 
Quality Assessment A program that utilizes quality 
Program control and quality assurance data 
to verify that the analytical 
system is operating within accept-
able limits and to evaluate the 
quality of the sample data 
produced. 
Quality Control Sample prepared and analyzed to 
Sample determine the source and amount of 
potential contamination possible 
due to the sampling container, 
sample processing, and sample 
handling in the laboratory. This 
type of sample includes bucket 
leachates, filter leachates, and 
distilled or deionized water 
blanks. 
Quality Control QCC A sample containing known concen-
Check Sample trations of analytes prepared by 
the analyst or a laboratory other 
than the laboratory performing the 
analysis. The performing labora-
tory uses this sample to routinely 
demonstrate that it can obtain 
acceptable results with procedures 
being used to analyze wet depo-
sition samples. Analyte true 
values are known by the analyst. 
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Relative Standard RSD The standard deviation expressed as 
Deviation a percentage. 
RSD = 100 x (s/xj 
where: s = sample standard 
deviation 
 = mean value 
Replicates Two aliquots of the same sample 
treated identically throughout a 
laboratory analytical procedure. 
Analyses of laboratory replicates 
indicate the precision associated 
with laboratory procedures but not 
with sample collection and field 
handling (processing). These 
samples may also be referred to as 
splits. 
Sensitivity The method signal response per unit 
of analyte. 
Standard Deviation s A number that represents the dis-
persion of values around their 
mean, calculated as: 
where: xi = each individual 
value 
  = average of all 
values 




Laboratory Blanks   Plots and Tables      1978-1983 
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FIGURE 1. Measured calcium mass in upright 
bucket blanks for 1979. 
FIGURE 2. Measured calcium mass in upright bucket blanks for 1980 and 1981. 
FIGURE 3. Measured calcium mass in upright bucket blanks for 1982 and 1983. 
FIGURE 4. Measured magnesium mass in upright 
bucket blanks for 1979. 
FIGURE 5. Measured magnesium mass in upright bucket blanks for 1980 and 1981. 
FIGURE 6. Measured magnesium mass in upright bucket blanks for 1982 and 1983. 
FIGURE 7. Measured sodium mass in upright 
bucket blanks for 1979-
FIGURE 8. Measured sodium mass in upright bucket blanks for 1980 and 1981. 
FIGURE 9. Measured sodium mass in upright bucket blanks for 1982 and 1983. 
FIGURE 10. Measured potassium mass in upright 
bucket blanks for 1979. 
FIGURE 11. Measured potassium mass in upright bucket blanks for 1980 and 1981. 
FIGURE 12. Measured potassium mass in upright bucket blanks for 1982 and 1983. 
FIGURE 13. Measured ammonium mass in upright 
bucket blanks for 1979. 
FIGURE 14. Measured ammonium mass in upright bucket blanks for 1980 and 1981. 
FIGURE 15. Measured ammonium mass in upright bucket blanks for 1982 and 1983. 
FIGURE 16. Measured sulfate mass in upright 
bucket blanks for 1979. 
FIGURE 17. Measured sulfate mass in upright bucket blanks for 1980 and 1981. 
FIGURE 18. Measured sulfate mass in upright bucket blanks for 1982 and 1983. 
FIGURE 19. Measured nitrate-nitrite mass in upright 
bucket blanks for 1979. 
FIGURE 20. Measured nitrate-nitrite mass in upright 
bucket blanks for 1980 and 1981. 
FIGURE 21. Measured nitrate-nitrite concentration in upright 
bucket blanks for 1982 and 1983. 
FIGURE 22. Measured chloride mass in upright 
bucket blanks for 1979. 
FIGURE 23. Measured chloride mass in upright bucket blanks for 1980 and 1981. 
FIGURE 24. Measured chloride mass in upright bucket blanks for 1982 and 1983. 
FIGURE: 25. Measured calcium mass in inverted 
bucket blanks for 1981. 
FIGURE 26. Measured calcium mass in inverted bucket blanks for 1982 and 1983. 
FIGURE 27. Measured magnesium mass in inverted 
bucket blanks for 1981. 
FIGURE 28. Measured magnesium mass in inverted bucket blanks for 1982 and 1983. 
FIGURE 29. Measured sodium mass in inverted 
bucket blanks for 1981. 
FIGURE 30. Measured sodium mass in inverted bucket blanks for 1982 and 1983. 
FIGURE 31. Measured potassium mass in inverted 
bucket blanks for 1981. 
FIGURE 32. Measured potassium mass in inverted bucket blanks for 1982 and 1983. 
FIGURE 33. Measured ammonium mass in inverted 
bucket blanks for 1981. 
FIGURE 34. Measured ammonium mass in inverted bucket blanks for 1982 and 1983. 
FIGURE 35. Measured sulfate mass in inverted 
bucket blanks for 1981. 
FIGURE 36. Measured sulfate mass in inverted bucket blanks for 1982 and 1983. 
FIGURE 37. Measured nitrate-nitrite mass in inverted 
bucket blanks for 1981. 
FIGURE 38. Measured nitrate-nitrite mass in inverted 
bucket blanks for 1982 and 1983. 
FIGURE 39. Measured chloride mass in inverted 
bucket blanks for 1981. 
FIGURE 40. Measured chloride mass in inverted bucket blanks for 1982 and 1983. 
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TABLE 1 Minimum 
Blanks 
D e t e c t a b l e Mass Va lues f o r 










Calc ium 1.00 1.00 0 . 4 5 0 . 4 5 0 . 4 5 
Magnesium 0 . 1 0 0 . 1 0 0 . 1 5 0 . 1 5 0 . 1 5 
Sodium 0 . 2 0 0 . 2 0 0 . 1 5 0 .15 0 . 1 5 
P o t a s s i u m 0 . 2 0 0 . 2 0 0 . 1 5 0 . 1 5 0 . 1 5 
Ammonium 1.0 1.0 1.0 1.0 1.0 
S u l f a t e 5 . 0 5 . 0 5 . 0 5 . 0 5 .0 
N i t r a t e -
N i t r i t e 1.0 1.0 1.0 1.0 1.0 
C h l o r i d e 2 . 5 2 . 5 1.0 1.0 1.0 
O r t h o p h o s p h a t e 0 . 1 5 0 . 1 5 0 . 1 5 0 .15 0 . 1 5 
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TABLE 2 Ana ly te C o n c e n t r a t i o n S u m a r y f o r 
Leachate A f o r 1 9 8 0 . 
F i l t e r 
Analy te a n 




P e r c e n t i l e (mg/L) 
5 0 t h 9 5 t h 
Calc ium 69 0 . 0 2 9 8 . 6 <0 .02 <0 .02 
Magnesium 69 0 . 0 0 2 9 5 . 7 <0 .002 <0.002 
Sodium 69 0 . 0 0 4 6 9 . 6 <0 .004 0 .012 
P o t a s s i u m 69 0 . 0 0 4 9 4 . 2 <0 .004 <0 .004 
Ammonium 65 0 . 0 2 1 0 0 . 0 < 0 . 0 2 <0 .02 
S u l f a t e 64 0 . 1 0 8 9 . 1 <0 .10 <0 .10 
N i t r a t e -
N i t r i t e 65 0 . 0 2 8 3 . 1 <0 .02 0 .07 
C h l o r i d e 65 0 . 0 5 7 0 . 8 <0 .05 0 .10 
O r t h o -
p h o s p h a t e 65 0 . 0 0 3 1 0 0 . 0 <0 .003 <0 .003 
a . number of a n a l y s e s 
TABLE 3 Analy te C o n c e n t r a t i o n Summary f o r 
Leachate A f o r 1 9 8 1 . 
F i l t e r 
Analyte a n 
D e t e c t i o n 
Limit (mg/L) 
Frequency o f 
HDL (%) 
P e r c e n t i l e 
5 0 t h 
(mg/L) 
95 th 
Calc ium 35 0 . 0 0 9 8 2 . 9 <0 .009 0 .019 
Magnesium 35 0 . 0 0 3 6 5 . 7 C0.003 0 .006 
Sodium 35 0 . 0 0 3 8 . 6 0 . 0 0 8 0 .030 
P o t a s s i u m 35 0 . 0 0 3 7 4 . 3 <0 .003 0 . 0 0 5 
Ammonium 35 0 . 0 2 9 7 . 1 <0 .02 <0 .02 
S u l f a t e 35 0 . 1 0 9 5 . 1 < 0 . 1 0 <0 .10 
N i t r a t e -
N i t r i t e 35 0 . 0 2 8 2 . 9 <0 .02 0 .04 
C h l o r i d e 35 0 . 0 2 6 5 . 9 <0 .02 0 .06 
O r t h o -
p h o s p h a t e 35 0 . 0 0 3 1 0 0 . 0 <0 .003 <0 .003 
a . number of a n a l y s e s 
99 
TABLE 4 A n a l y t e C o n c e n t r a t i o n S u m a r y Cor 
Leachate A f o r 1 9 8 2 . 
F i l t e r 
Analyte a n 
D e t e c t i o n 
L i n i t (ag/L) 
Frequency of 
HDL (%) 
P e r c e n t i l e 
5 0 t h 
(mg/L) 
9 5 t h 
Calc ium 41 0 . 0 0 9 9 7 . 6 < 0 . 0 0 9 < 0 . 0 0 9 
Magnesium 41 0 . 0 0 3 9 0 . 2 < 0 . 0 0 3 <0 .003 
Sodium 41 0 . 0 0 3 1 7 . 1 0 . 0 0 8 0 . 0 2 4 
P o t a s s i u m 41 0 . 0 0 3 9 0 . 2 <0 .003 < 0 . 0 0 3 
Ammonium 41 0 . 0 2 1 0 0 . 0 < 0 . 0 2 < 0 . 0 2 
S u l f a t e 41 0 . 1 0 9 5 . 1 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 41 0 .02 9 5 . 1 < 0 . 0 2 <0 .02 
C h l o r i d e 41 0 . 0 2 6 5 . 9 < 0 . 0 2 0 . 0 6 
O r t h o -
p h o s p h a t e 41 0 . 0 0 3 9 7 . 6 < 0 . 0 0 3 <0 .003 
a. number o f a n a l y s e s 
TABLE S A n a l y t e C o n c e n t r a t i o n Summary f o r 
Leachate A f o r 1 9 8 3 . 
F i l t e r 
Analyte a n 
D e t e c t i o n 
L i m i t (mg/L) 
Frequency of 
MDL (%) 
P e r c e n t i l e (mg/L) 
5 0 t h 9 5 t h 
Calc ium 49 0 .009 7 7 . 6 < 0 . 0 0 9 0 . 0 1 7 
Magnesium 49 0 . 0 0 3 8 3 . 7 <0 .003 0 . 0 0 3 
Sodium 49 0 . 0 0 3 3 8 . 8 0 . 0 0 4 0 . 0 1 6 
P o t a s s i u m 49 0 . 0 0 3 7 1 . 4 <0 .003 0 . 0 0 8 
Ammoniurn 49 0 .02 1 0 0 . 0 < 0 . 0 2 <0 .02 
S u l f a t e 49 0 . 1 0 9 3 . 9 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 49 0 .02 1 0 0 . 0 < 0 . 0 2 <0 .02 
C h l o r i d e 49 0 . 0 2 8 1 . 6 < 0 . 0 2 0 . 0 6 
O r t h o -
p h o s p h a t e 49 0 . 0 0 3 9 8 . 0 <0 .003 <0 .003 
a . number o f a n a l y s e s 
100 
TABLE 6 Ana ly te C o n c e n t r a t i o n S a u r y f o r 
Leachate B f o r 19B0. 
F i l t e r 
A n a l y t e a n 
D e t e c t i o n 
Limi t (mg/L) 
Frequency of 
HDL (%) 
P e r c e n t i l e 
SOth 
(mg/L) 
9 5 t h 
Calc ium 34 0 . 0 2 1 0 0 . 0 <0 .02 <0 .02 
Magnesium 34 0 . 0 0 2 9 7 . 1 <0 .002 <0 .002 
Sodium 34 0 .004 9 7 . 1 <0 .004 < 0 . 0 0 4 
P o t a s s i u m 34 0 . 0 0 4 1 0 0 . 0 <0 .004 < 0 . 0 0 4 
Ammonium 34 0 . 0 2 100 .0 < 0 . 0 2 < 0 . 0 2 
S u l f a t e 34 0 . 1 0 9 7 . 1 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 34 0 . 0 2 100 .0 <0 .02 <0 .02 
C h l o r i d e 34 0 . 0 5 7 3 . 5 < 0 . 0 5 0 . 0 7 
O r t h o -
p h o s p h a t e 34 0 . 0 0 3 100 .0 <0 .003 < 0 . 0 0 3 
a . number of a n a l y s e s 
TABLE 7 A n a l y t e C o n c e n t r a t i o n Summary f o r 
Leachate B f o r 1 9 8 1 . 
F i l t e r 
Analy te a n 
D e t e c t i o n 
Limi t (tng/L) 
Frequency of 
HDL (%) 
P e r c e n t i l e (mg/L) 
SOth 9 5 t h 
Calc ium 34 0 . 0 0 9 9 4 . 1 <0 .009 < 0 . 0 0 9 
Magnesium 34 0 . 0 0 3 8 8 . 2 <0 .003 < 0 . 0 0 3 
Sodium 34 0 . 0 0 3 7 0 . 6 <0 .003 0 . 0 1 4 
P o t a s s i u m 34 0 . 0 0 3 8 8 . 2 <0 .003 < 0 . 0 0 3 
Ammonium 34 0 . 0 2 100 .0 <0 .02 < 0 . 0 2 
S u l f a t e 34 0 . 1 0 9 4 . 1 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 34 0 . 0 2 8 5 . 3 < 0 . 0 2 0 . 0 3 
C h l o r i d e 34 0 . 0 2 5 5 . 9 <0 .02 0 . 0 4 
O r t h o -
p h o s p h a t e 34 0 . 0 0 3 1 0 0 . 0 <0 .003 < 0 . 0 0 3 
a . number of a n a l y s e : 3 
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TABLE 8 Analyte C o n c e n t r a t i o n Summary 
Leachate B f o r 1 9 8 2 . 
f o r F i l t e r 
Analyte a n 




o f P e r c e n t i l e 
5 0 t h 
(mg/L) 
9 5 t h 
Calc ium 41 0 .009 9 7 . 6 <0 .009 <0 .009 
Magnesium 41 0 . 0 0 3 9 7 . 6 <0 .003 <0 .003 
Sodium 41 0 .003 8 5 . 4 <0 .003 0 .004 
P o t a s s i u m 41 0 . 0 0 3 9 5 . 1 <0 .003 <0 .003 
Ammonium 41 0 .02 9 7 . 6 < 0 . 0 2 < 0 . 0 2 
S u l f a t e 41 0 . 1 0 9 5 . 1 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 41 0 .02 9 7 . 6 < 0 . 0 2 < 0 . 0 2 
C h l o r i d e 41 0 .02 9 5 . 1 < 0 . 0 2 < 0 . 0 2 
O r t h o -
p h o s p h a t e 41 0 . 0 0 3 1 0 0 . 0 <0 .003 <0 .003 
a . number of ana l y s e s 
TABLE 9 Analyte Concentra t ion Summary 
Leachate B f o r 1 9 8 3 . 
f o r F i l t e r 
Analyte a n 




of P e r c e n t i l e 
5 0 t h 
(mg/L) 
9 5 t h 
Calc ium 49 0 .009 7 9 . 6 <0 .009 0 . 0 2 1 
Magnesium 49 0 . 0 0 3 8 5 . 7 <0 .003 0 . 0 0 4 
Sodium 49 0 .003 7 9 . 6 <0 .003 0 . 0 0 7 
P o t a s s i u m 49 0 . 0 0 3 7 5 . 5 <0 .003 0 . 0 0 6 
Ammonium 49 0 .02 1 0 0 . 0 < 0 . 0 2 <0 .02 
S u l f a t e 49 0 . 1 0 9 3 . 9 < 0 . 1 0 < 0 . 1 0 
N i t r a t e - . 
N i t r i t e 49 0 .02 1 0 0 . 0 <0 .02 <0 .02 
C h l o r i d e 49 0 .02 9 1 . 8 <0 .02 <0 .02 
O r t h o -
p h o s p h a t e 49 0 .003 1 0 0 . 0 < 0 . 0 0 3 <0 .003 
a . number of ana l y s e s 
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TABLE 10 A n a l y t e Concentra t ion Suaaary Cor 
D e i o n i z e d Water Blank f o r 1 9 8 0 . 
Analyte a n 
D e t e c t i o n 
Limi t (ng/L) 
Frequency of 
HDL (%) 
P e r c e n t i l e 
5 0 t h 
(mg/L 
9 5 t h 
Calcium 20 0 . 0 2 1 0 0 . 0 <0 .02 < 0 . 0 2 
Magnesium 20 0 .002 9 5 . 0 <0 .002 <0 .002 
Sodium 20 0 . 0 0 4 1 0 0 . 0 <0 .004 <0 .004 
P o t a s s i u m 20 0 .004 1 0 0 . 0 <0 .004 <0 .004 
Ammonium 24 0 . 0 2 1 0 0 . 0 < 0 . 0 2 < 0 . 0 2 
S u l f a t e 24 0 . 1 0 9 5 . 8 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 24 0 . 0 2 9 1 . 2 < 0 . 0 2 < 0 . 0 2 
C h l o r i d e 24 0 . 0 5 7 0 . 8 < 0 . 0 5 0 . 1 2 
O r t h o -
p h o s p h a t e 24 0 . 0 0 3 1 0 0 . 0 < 0 . 0 0 3 < 0 . 0 0 3 
a . number of ana l y s e s 
TABLE 11 A n a l y t e C o n c e n t r a t i o n Summary 
D e i o n i z e d Hater Blank for 1981 
f o r 
Analyte a n 
D e t e c t i o n 
Limi t (mg/L) 
Frequency o f 
MDL (%) 
P e r c e n t i l e (mg/L) 
5 0 t h 95 th 
Calcium 33 0 . 0 0 9 9 3 . 9 <0 .009 <0 .009 
Magnesium 33 0 . 0 0 3 9 7 . 0 <0 .003 <0 .003 
Sodium 33 0 . 0 0 3 9 0 . 9 <0 .003 <0 .003 
P o t a s s i u m 33 0 . 0 0 3 9 7 . 0 <0 .003 <0 .003 
Ammonium 34 0 . 0 2 9 7 . 1 <0 .02 <0 .02 
S u l f a t e 34 0 . 1 0 8 8 . 2 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 34 0 . 0 2 1 0 0 . 0 <0 .02 <0 .02 
C h l o r i d n 34 0 . 0 2 6 1 . 8 <0 .02 0 . 0 4 
O r t h o -
p h o s p h a t e 34 0 . 0 0 3 9 7 . 1 <0 .003 <0 .003 
a. number r of a n a l y s e s 
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TABLE 12 Ana ly te Concentra t ion Sum mary Cor 
D e i o n i z e d Mater Blank f o r 1982 .
D e t e c t i o n Frequency of P e r c e n t i l e (mg/L) 
Analy te na Limit (ag/L) MDL (%) 5 0 t h 9 5 t h 
Calc ium 40 0 . 0 0 9 1 0 0 . 0 <0 .009 < 0 . 0 0 9 
Magnesium 40 0 . 0 0 3 9 7 . 5 <0 .003 < 0 . 0 0 3 
Sodium 40 0 . 0 0 3 9 0 . 0 < 0 . 0 0 3 < 0 . 0 0 3 
P o t a s s i u m 40 0 . 0 0 3 9 7 . 5 <0 .003 < 0 . 0 0 3 
Ammonium 39 0 . 0 2 1 0 0 . 0 <0 .02 <0 .02 
S u l f a t e 39 0 . 1 0 9 4 . 9 < 0 . 1 0 < 0 . 1 0 
N i t r a t e -
N i t r i t e 39 0 . 0 2 9 7 . 4 <0 .02 <0 .02 
C h l o r i d e 39 0 . 0 2 1 0 0 . 0 <0 .02 <0 .02 
O r t h o -
p h o s p h a t e 39 0 . 0 0 3 100 .0 <0 .003 < 0 . 0 0 3 
a . number o f a n a l y s e s 
TABLE 13 Ana ly te Concentra t ion Summary f o r 
De ion ized Hater Blank fox • 1983 1. 
D e t e c t i o n Frequency o f P e r c e n t i l e (mg/L) 
Analyte a n Limit (mg/L) MDL (%) 50th 9 5 t h 
C.ilcium 48 0 . 0 0 9 100 .0 <0 .009 < 0 . 0 0 9 
Magnesium 48 0 . 0 0 3 100 .0 <0 .003 < 0 . 0 0 3 
Sodium 48 0 . 0 0 3 9 3 . 8 <0 .003 < 0 . 0 0 3 
P o t a s s i u m 48 0 . 0 0 3 9 7 . 9 <0 .003 < 0 . 0 0 3 
Ammonium 48 0 . 0 2 9 7 . 9 <0 .02 <0 .02 
S u l f a t e 48 0 . 1 0 100 .0 <0 .10 < 0 . 1 0 
N i t r a t e -
N i t r i t e 48 0 . 0 2 1 0 0 . 0 < 0 . 0 2 <0 .02 
C h l o r i d e 48 0 . 0 2 9 5 . 8 <0 .02 <0 .02 
O r t h o -
p h o s p h a t e 48 0 . 0 0 3 9 5 . 8 <0 .003 <0 .003 
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TABLE 1 P e r c e n t i l e Concentrat ion Va lues of Chemical and 
P h y s i c a l Parameters Measured in P r e c i p i t a t i o n - 1978. 
P e r c e n t i l e Concentrat ion Va lues (mg/L) 









pK ( u n i t s ) 
S p e c i f i c 
Conductance 
(uS/cm) 
<0 .02 0 . 0 2 0 .04 0 . 0 7 0 . 1 4 0 .32 0 . 6 7 1.13 2 .15 3 .3 
<0 .002 0 . 0 0 8 0 .010 0 .019 0 . 0 3 7 0 .081 0 . 2 0 9 0 .254 0 . 6 3 1 1.3 
<0 .004 0 . 0 0 5 0 . 0 1 0 0 . 0 2 0 0 . 0 3 3 0 . 0 6 0 0 . 1 3 0 0 . 1 9 6 0 .334 3 .8 
0 .009 0 . 0 2 8 0 . 0 5 1 0 .090 0 .222 0 . 5 6 5 1.52 2 . 3 3 7 .24 2 3 . 1 
<0 .02 <0 .02 <0 .02 0 . 0 4 0 . 1 6 0 . 3 8 0 . 7 4 1.27 2 .28 3 .0 
<0 .02 0 . 2 2 0 . 3 2 0 . 6 0 1.30 2 .25 3 .36 4 . 8 2 10 .41 1 5 . 3 
<0 .05 0 . 0 7 0 . 1 0 0 . 1 3 0 . 2 3 0 . 5 1 1 .55 2 . 7 8 6 . 7 5 1 6 . 0 
<0 .10 0 . 5 7 0 . 7 8 1.30 2 . 3 0 3 .96 6 . 6 1 10 .32 15 .71 2 2 . 8 
<0 .003 <0 .003 <0 .003 <0 .003 <0 .003 <0 .003 0 . 0 0 6 0 . 0 1 3 0 . 0 4 8 0 . 3 
3 .50 3 .75 3 .97 4 . 1 9 4 . 4 3 4 . 9 3 5 . 4 8 6 .12 6 . 5 8 7 .0 
3 .4 6 . 4 7 . 6 1 1 . 7 2 0 . 5 3 1 . 2 5 4 . 5 8 8 . 9 141 .0 1 7 5 . 5 
S o u r c e : N a t i o n a l A tmospher i c D e p o s i t i o n Program (NADP) 
1978 - wet s i d e samples (w) 
Number of s a m p l e s (N) = 239 
TABLE 2 P e r c e n t i l e Concentrat ion Va lues of Chemical and 
P h y s i c a l Parameters Measured in P r e c i p i t a t i o n - 1979 . 
P e r c e n t i l e Concentrat ion Values (mg/L) 
Parameter Min. 5 t h 10th 25th 5 0 t h 75th 9 0 t h 95 th 99 th Max. 
S o u r c e : N a t i o n a l A tmospher i c D e p o s i t i o n Program (NADP) 
1979 - wet s i a e s amp le s (w) 
Number of s amp le s (N) = 1254 
Ca <0 .02 0 . 0 3 0 . 0 5 0 . 0 9 0 . 1 9 0 . 4 2 0 . 9 3 1.45 2 .35 6 . 8 
Mg <0 .002 0 . 0 1 0 0 . 0 1 3 0 .022 0 . 0 4 1 0 .086 0 . 1 6 8 0 . 2 2 3 0 .505 1.5 
K <0 .004 0 . 0 0 5 0 . 0 0 8 0 .015 0 . 0 3 0 0 . 0 6 0 0 . 1 2 4 0 . 2 2 3 0 .569 35 .2 
Na 0 . 0 0 9 0 .037 0 .050 0 .100 0 . 2 4 8 0 .620 1.40 2 .52 7 .10 2 3 . 5 
N H 4 < 0 . 0 2 < 0 . 0 2 <0 .02 0 .07 0 . 2 2 0 . 5 0 0 . 9 0 1.35 2 .55 134 .0 
N C 3 < 0 . 0 2 0 . 2 5 0 . 3 8 0 .76 1.40 2 . 4 9 3 . 8 3 5 .30 8 .90 1 6 . 3 
CI < 0 . 0 5 < 0 . 0 5 0 . 0 7 0 . 1 0 0 . 2 0 0 . 4 0 0 . 8 5 1.40 2 . 6 9 53 .0 
SO4 < 0 . 1 0 0 . 6 0 0 . 8 5 1.45 2 . 6 0 4 . 3 0 6 . 6 7 8 .70 13 .57 4 0 . 4 
PO 4 < 0 . 0 0 3 <0 .003 <0 .003 <0 .003 <0 .003 <0 .003 < 0 . 0 0 3 0 .007 0 .419 2 1 . 8 
pH ( u n i t s ) 3 .57 3 . 9 3 4 . 0 4 4 . 2 6 4 . 5 5 5 .07 6 . 0 1 6 .44 7 .01 8 .2 
S p e c i f i c 
Conductance 2 .1 6 . 1 8 . 1 1 2 . 2 2 1 . 1 3 4 . 3 5 1 . 0 6 5 . 7 101 .9 6 4 4 . 0 
(uS/cm) 
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TABLE 3 P e r c e n t i l e C o n c e n t r a t i o n Values of Chemical and 
Phys i ca l . Parameters Measured in P r e c i p i t a t i o n - 1980 . 
Parameter Min. 
P e r c e n t i l e C o n c e n t r a t i o n Values (mg/L) 





<0 .02 0 . 0 3 0 . 0 5 0 . 0 9 0 . 1 9 0 . 4 3 0 . 9 3 1.57 5 .22 16 .4 
<0.002 0 . 0 0 8 0 . 0 1 2 0 . 0 2 2 0 . 0 4 2 0 . 0 9 3 0 . 2 0 0 0 . 3 3 8 0 . 9 6 6 4 . 9 
<0 .004 0 . 0 0 4 0 . 0 0 8 0 . 0 1 5 0 . 0 3 0 0 . 0 6 5 0 . 1 5 9 0 . 3 0 6 1.14 2 9 . 9 
<0 .004 0 . 0 1 6 0 . 0 2 5 0 . 0 5 4 0 . 1 3 0 0 . 3 5 1 0 . 9 8 1 1.99 5 .55 2 9 . 3 
<0 .02 <0 .02 < 0 . 0 2 0 . 0 7 0 . 2 2 0 . 5 0 0 . 9 4 1.42 3 .24 4 7 . 0 
<0 .02 0 . 1 1 0 . 2 3 0 . 7 2 1 .49 2 . 6 3 4 . 1 2 5 .16 9 .16 5 4 . 1 
<0 .05 0 . 1 0 0 . 1 2 0 . 1 8 0 . 2 7 0 . 4 8 1.02 1.96 6 . 7 5 2 3 . 1 
<0 .10 0 . 3 6 0 . 5 7 1 .13 2 . 2 0 3 .74 5 .92 7 .75 15 .56 5 6 . 2 
<0 .003 <0 .003 < 0 . 0 0 3 < 0 . 0 0 3 < 0 . 0 0 3 <0 .003 <0 .003 0 . 0 0 8 0 . 9 0 3 1 5 . 9 
3 .16 3 . 8 9 4 . 0 2 4 . 2 5 4 . 5 6 5 . 3 6 6 . 0 7 6 . 4 9 7 .16 7 . 9 





pH ( u n i t s ) 
S p e c i f i c 
Conduc tance 
(uS/cm) 
S o u r c e : N a t i o n a l A t m o s p h e r i c D e p o s i t i o n Program (NADP) 
1980 - wet s i d e s amp le s (w) 
Number of s a m p l e s (N) - 3030 
TABLE 4 P e r c e n t i l e C o n c e n t r a t i o n Va lues o f Chemical and 
P h y s i c a l Parameters Measured in P r e c i p i t a t i o n - 1 9 8 1 . 
Parameter Min. 
P e r c e n t i l e Concentra t ion Values (mg/L) 









PO4 pH ( u n i t s ) 
S p e c i f i c 
Conduc tance 
(uS/cm) 
<0 .02 0 . 0 4 0 . 0 5 0 . 1 0 0 . 2 2 0 . 4 8 1.08 1.82 4 . 4 0 1 6 . 7 
0 . 0 0 9 0 . 0 1 3 0 . 0 1 9 0 . 0 3 3 0 .062 0 .137 0 . 3 2 5 0 .557 1.120 8 . 5 
<0 .003 0 . 0 0 6 0 . 0 0 9 0 . 0 1 6 0 . 0 3 1 0 . 0 6 6 0 .142 0 . 2 5 5 0 . 8 6 3 1 7 . 3 
<0 .003 0 .022 0 . 0 3 2 0 . 0 5 8 0 .122 0 . 3 1 3 0 . 7 7 9 1.39 4 . 4 3 6 5 . 0 
<0 .02 <0 .02 < 0 . 0 2 0 . 0 8 0 . 2 3 0 . 4 4 0 . 8 1 1.19 2 . 4 0 7 8 . 2 
<0 .02 0 . 1 0 0 . 2 1 0 . 6 0 1.25 2 . 1 5 3 .31 4 . 5 3 8 .10 2 7 . 3 
<0 .02 0 . 0 4 0 . 0 5 0 . 1 0 0 . 2 1 0 . 4 7 1.12 1.94 6 . 8 8 121 .9 
<0 .10 0 . 3 9 0 . 5 4 1 .08 2 . 1 9 3 .82 5 .78 7 .57 1 4 . 6 5 3 1 . 8 
<0 .003 <0 .003 <0 .003 <0 .003 < 0 . 0 0 3 <0 .003 <0 .003 0 . 0 1 3 0 . 2 4 8 1 6 . 8 
3 .34 3 .96 4 . 0 6 4 . 2 9 4 . 6 7 5 . 4 6 6 . 1 1 6 . 4 4 6 . 9 2 8 .5 
1.5 5 . 3 6 . 9 1 1 . 9 2 2 . 0 3 5 . 1 5 4 . 1 6 9 . 0 1 1 3 . 5 5 3 8 . 2 
S o u r c e : N a t i o n a l A t m o s p h e r i c D e p o s i t i o n Program (NADP) 
1981 - wet s i d e s a m p l e s (w) 
Number of s a m p l e s (N) = 3370 
109 
TABLE 5 P e r c e n t i l e Concentra t ion Va lues o f Chemical and 
P h y s i c a l Parameters Measured in P r e c i p i t a t i o n - 1 9 8 2 . 
P e r c e n t i l e Concentra t ion Values (mg/L) 
Parameter Min. 5 th 10th 25th 50th 75th 90 th 9 5 t h 99th Max. 
Ca < 0 . 0 1 0 . 0 2 0 . 0 4 0 . 0 7 0 . 1 6 0 . 3 5 0 . 7 1 1 .08 2 . 5 1 2 7 . 3 
Mg <0 .003 0 . 0 0 9 0 .013 0 . 0 2 3 0 .044 0 . 0 9 1 0 .176 0 . 2 8 7 0 .775 6 . 5 
K <0 .003 0 . 0 0 6 0 . 0 0 8 0 . 0 1 5 0 .027 0 .052 0 . 1 0 5 0 . 1 7 0 0 .475 3 .3 




< 0 . 0 2 < 0 . 0 2 <0 .02 0 . 0 8 0 . 1 9 0 . 3 9 0 . 6 8 0 . 9 5 1.93 6 . 6 
< 0 . 0 2 0 . 1 2 0 . 2 4 0 . 5 8 1.11 1.94 3 . 2 3 4 . 3 2 7 .90 4 3 . 2 
< 0 . 0 2 0 . 0 4 0 .05 0 . 0 9 0 .17 0 . 3 8 0 . 9 2 1.72 5 .59 7 8 . 1 
SO4 
PO4 pH ( u n i t s ) 
< 0 . 1 0 0 . 3 0 0 . 4 5 0 . 8 5 1.65 2 . 9 9 4 . 8 9 6 . 2 6 11 .21 3 4 . 3 
< 0 . 0 0 3 < 0 . 0 0 3 <0.003 <0 .003 <0 .003 < 0 . 0 0 3 <0 .003 < 0 . 0 0 3 0 .025 1.5 
3 .19 3 .99 4 . 1 0 4 . 3 5 4 . 7 4 5 .33 5 . 8 1 6 . 1 2 6 . 5 8 7 .6 
S p e c i f i c 
Conduc tance 1.8 4 . 1 5 .7 9 . 3 1 7 . 2 2 9 . 8 4 7 . 8 6 2 . 8 101 .0 4 0 2 . 5 
(uS/cm) 
S o u r c e : N a t i o n a l Atmospher ic D e p o s i t i o n Program (NADP) 
1982 - wet s i d e s a m p l e s (w) 
Number of s amples (N) = 3590 
TABLE 6 P e r c e n t i l e Concentrat ion Va lues 
P h y s i c a l Parameters Measured in 
of Chemical and 
P r e c i p i t a t i o n - 1 9 8 3 . 





S o u r c e : N a t i o n a l Atmospher ic D e p o s i t i o n Program (NADP)/ 
N a t i o n a l Trends Network (NTN) 
1983 - wet s i d e s a m p l e s (w) 
Number of samples (N) = 4308 
Min. 5 th 10th 25th 50th 75th 90th 95 th 99th Max. 
< 0 . 0 1 0 . 0 3 0 .04 0 . 0 7 0 .16 0 . 3 6 0 . 7 3 1.15 2 .54 1 8 . 9 
< 0 . 0 0 3 0 . 0 1 0 0 . 0 1 3 0 .021 0 .040 0 .082 0 . 1 6 5 0 . 2 5 9 0 .599 4 . 4 
<0 .003 0 . 0 0 7 0 .009 0 .016 0 .031 0 . 0 6 0 0 . 1 2 3 0 . 1 9 2 0 .534 3 .9 
0 .007 0 . 0 2 2 0 .029 0 .048 0 .102 0 . 2 3 8 0 .592 1.09 3 .25 3 6 . 0 
<0 .02 <0 .02 <0.02 0 .0 6 0 .17 0 . 4 0 0 . 7 1 1.04 1.93 7 . 7 
<0 .02 0 . 1 2 0 . 2 3 0 . 5 1 1.02 1.86 3 .09 4 . 2 1 7 .26 2 8 . 4 
< 0 . 0 2 0 . 0 5 0 . 0 7 0 . 1 0 0 . 1 7 0 . 3 6 0 . 9 3 1 .73 5 .92 6 4 . 9 
<0 .10 0 . 3 2 0 .46 0 . 7 8 1.38 2 . 5 9 4 . 4 1 5 .92 1 0 . 9 3 2 1 . 4 
<0 .003 < 0 . 0 0 3 <0 .003 <0 .003 <0 .003 < 0 . 0 0 3 <0 .003 0 . 0 0 6 0 . 0 2 1 3 . 1 
3 .15 3 .99 4 . 1 5 4 . 4 2 4 . 8 1 5 .37 5 . 8 6 6 . 1 2 6 .56 7 .4 






PO4 pH ( u n i t s ) 






Tables of Analytical Bias and Precision 
Determined from Analysis of 




TABLE 1 Selected pH Values and the Corresponding 
Hydrogen Ion Content Expressed as 























TABLE 2 pH Measurements - Bias and Precision 
Determined from Analysis of Quality 
Control Check Samples. 
Theoretical Measured Precision 
Concentration, Concentration, Bias s RSD 
Year pH units pH units n units % units % 
(uequivalents/L) (uequivalents/L) 
1979 3.06 (871.0) 3.16 (691.8) 14 0.10 -20.7 0.05 10.9 
4.08 (83.2) 4.26 (55.0) 12 0.18 -33.9 0.22 39.8 
1980 4.06 (87.1) 4.01 (98.2) 14 -0.05 12.7 0.07 16.1 
4.25 (56.2) 4.27 (54.3) 11 0.02 - 3.4 0.03 7.0 
19B1 4.30 (50.1) 4.30 (50.1) 158 0.00 0.0 0.04 8.8 
5.63 (2.3) 5.60 (2.5) 57 -0.03 8.7 0.12 24.0 
1982 4.30 (50.1) 4.32 (48.3) 467 0.02 -3.6 0.02 4.3 
5.63 (2.3) 5.45 (3.5) 452 -0.18 52.2 0.05 11.1 
1983 4.30 (50.1) 4.31 (49.0) 444 0.01 -2.2 0.03 6.7 
5.63 (2.3) 5.43 (3.7) 444 -0.20 60.9 0.08 18.9 
a. number of replicates 
b. calculations of bias and precision were made using 
hydrogen ion concentration 
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TABLE 3 Specific Conductance Measurements -
Bias and Precision Determined from 
Analysis of Quality Control Check Samples. 
Theoretical Measured Precision 
Concentration , Concentration, _ Bias s RSD 
Year US/CD uS/ca n uS/cm % uS/cm % 
1979 35.5 35.9 9 0.4 1.1 1.7 4.7 
401 403.4 14 2.4 0.6 4.6 1.1 
1980 25.0 23.7 4 -1.3 -5.2 1.3 5.5 
36.4 41.8 10 5.4 14.8 4.5 10.8 
1981 21.8 22.7 105 0.9 4.1 2.9 12.8 
1982 21.8 22.1 448 0.3 1.4 0.9 4.1 
1983 21.8 21.5 443 -0.3 -1.4 0.7 3.3 
a. number of replicates 
TABLE 4 Calcium Measurements - Bias and Precision 
Determined from Analysis of Quality 
Control Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration, Bias s RSD Significant 
Year mg/L mg/L n mg/L % mg/L % Bias?b 
1979 0.35 0.37 9 0.02 5.7 0.01 2.7 YES 
0.53 0.55 6 0.02 3.8 0.01 1.8 YES 
1.45 1.49 24 0.04 2.8 0.02 1.3 YES 
1980 0.53 0.53 131 0.00   0.0 0.02 3.8 NO 
0.81 0.82 131 0.01 1.2 0.01 1.2 NO 
1.45 1.51 13 0.06 4.1 0.02 1.3 YES 
1981 0.067 0.058 59 -0.009 -13.4 0.004 6.9 YES 
0.317 0.314 59 -0.003 -1.0 0.005 1.6 NO 
0.530 0.530 138 0.000 0.0 0.008 1.5 NO 
0.812 0.811 138 -0.001 -0.1 0.010 1.2 NO 
1982 0.067 0.062 302 -0.005 -7.5 0.004 6.5 YES 
0.317 0.315 302 -0.002 -0.6 0.005 1.6 NO 
1983 0.053 0.052 35 -0.001 -1.9 0.003 5.8 NO 
0.067 0.066 434 -0.001 -1.5 0.003 4.6 NO 
0.317 0.323 429 0.006 1.9 0.004 1.2 YES 
0.402 0.412 35 0.010 2.5 0.003 0.7 YES 
a. number of re plicates 
b. 95% confidence level 
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TABLE 5 Magnesium Measurements - Bias and Precision 
Determined from Analysis of Quality 
Control Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration, Bias s RSD Significant 
Bias?b Year mg/L mg/L na mg/L % mg/L % 
1979 0.114 0.116 9 0.002 1.8 0.002 1.7 NO 
0.171 0.173 6 0.002 1.2 0.002 1.2 NO 
0.300 0.299 24 -0.001 -0.3 0.003 1.0 NO 
1960 0.168 0.174 129 0.006 3.6 0.002 1.2 YES 
0.180 0.186 141 0.006 3.3 0.002 1.1 YES 
0.300 0.299 14 -0.001 -0.3 0.002 0.7 NO 
1981 0.024 0.021 59 -0.003 -12.5 0.001 4.8 YES 
0.070 0.069 59 -0.001 -1.4 0.001 1.4 NO 
0.168 0.171 138 0.003 1.8 0.002 1.2 YES 
0.180 0.184 138 0.004 2.2 0.003 1.6 YES 
1982 0.024 0.022 302 -0.002 -8.3 0.001 4.5 YES 
0.070 0.070 302 0.000 0.0 0.001 1.4 NO 
1983 0.018 0.018 35 0.000 0.0 0.001 5.6 NO 
0.024 0.023 444 -0.001 -4.2 0.001 4.3 YES 
0.070 0.070 435 0.000 0.0 0.001 1.4 NO 
0.083 0.083 35 0.000 0.0 0.001 1.2 NO 
a. number of replicates 
b. 95% confidence level 
TABLE 6 Sodium Measurements - Bias and Precision 
Determined from Analy sis of Quality 
Control Check Samples 
Theoretical Measured Precision Statistically 
Concentration, Concentration, Bias s RSD Significant 
Bias?b Year mg/L mg/L na mg/L % mg/L % 
1979 0.157 0.158 5 0.001 0.6 0.001 0.6 NO 
0.314 0.313 6 -0.001 -0.3 0.008 2.6 NO 
0.472 0.471 5 -0.001 -0.2 0.006 1.3 NO 
0.500 0.499 25 -0.001 -0.2 0.004 0.8 NO 
1980 0.500 0.497 13 -0.003 -0.6 0.004 0.8 NO 
0.820 0.818 149 -0.002 -0.2 0.004 0.5 NO 
0.932 0.926 149 -0.006 -0.6 0.006 0.6 NO 
1981 0.071 0.068 60 -0.003 -4.2 0.002 2.9 YES 
0.395 0.381 60 -0.014 -3.5 0.003 0.8 YES 
0.820 0.818 121 -0.002 -0.2 0.005 0.6 NO 
0.932 0.919 121 -0.013 -1.4 0.007 0.8 NO 
1982 0.071 0.068 310 -0.003 -4.2 0.002 2.9 YES 
0.395 0.392 310 -0.003 -0.8 0.008 2.0 NO 
1983 0.071 0.070 425 -0.001 -1.4 0.002 2.9 NO 
0.083 0.084 17 0.001 1.2 0.002 2.4 NO 
0.395 0.399 417 0.004 1.0 0.005 1.3 NO 
0.459 0.472 17 0.013 2.8 0.003 0.6 YES 
a. number 




TABLE 7 Potassium Measurements - Bias and Precision 
Determined from Analysis of Quality 
Control Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration, Bias s RSD Significant 
Bias? Year mg/L mg/L na mg/L % mg/L % 
1979 0.033 0.031 5 -0.002 -6.1 0.002 6.5 YES 
0.067 0.066 6 -0.001 -1.5 0.002 3.0 NO 
0.100 0.101 3 0.001 1.0 0.001 1.0 NO 
0.270 0.271 29 0.001 0.4 0.004 1.5 NO 
1980 0.196 0.190 149 -0.006 -3.1 0.003 1.6 YES 
0.210 0.210 146 0.000 0.0 0.002 1.0 NO 
0.270 0.268 13 -0.002 -0.7 0.005 1.9 NO 
1981 0.014 0.014 60 0.000 0.0 0.002 14.3 NO 
0.056 0.058 60 0.002 3.6 0.004 6.9 YES 
0.196 0.188 121 -0.008 -4.1 0.003 1.6 YES 
0.210 0.210 121 0.000 0.0 0.002 1.0 NO 
1982 0.014 0.014 156 0.000 0.0 0.001 7.1 NO 
0.017 0.017 154 0.000 0.0 0.001 5.9 NO 
0.056 0.057 156 0.001 1.8 0.002 3.5 NO 
0.074 0.071 154 -0.003 -4.1 0.002 2.8 YES 
1983 0.017 0.017 425 0.000 0.0 0.001 5.9 NO 
0.021 0.020 17 -0.001 -4.8 0.001 5.0 YES 
0.074 0.071 427 -0.003 -4.1 0.001 1.4 YES 
0.100 0.092 17 -0.008 -8.0 0.002 2.2 YES 
a. number of replicates 
b. 95% confidence level 
• TABLE 8 Ammonium Measurements - Bias and Precision 
Determined from Analysis of Quality 
Control Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration, Bias s RSD Significant 
Bias?b Year mg/L mg/L n mg/L % mg/L % 
1979 0.30 0.30 24 0.00 0.0 0.02 6.7 NO 
2.05 2.05 23 0.00 0.0 0.03 1,5 NO 
1980 0.24 0.24 23 0.00 0.0 0.01 4.2 NO 
0.30 0.29 76 -0.01 -3.3 0.02 6.9 YES 
1.67 1.67 26 0.00 0.0 0.05 3.0 NO 
2.05 2.03 84 -0.02 -1.0 0.05 2.5 YES 
1981 0.24 0.23 178 -0.01 -4.2 0.02 8.7 YES 
0.84 0.83 90 -0.01 -1.2 0.03 3.6 YES 
1.67 1.66 90 -0.01 -0.6 0.04 2.4 NO 
1982 0.19 0.21 116 0.02 10.5 0.02 9.5 YES 
0.24 0.24 133 0.00 0.0 0.02 8.3 NO 
0.84 0.80 149 -0.04 -4.8 0.03 3.8 YES 
0.98 0.96 121 -0.02 -2.0 0.11 11.5 NO 
1983 0.19 0.21 231 0.02 10.5 0.02 9.5 YES 
0.36 0.37 116 0.01 2.8 0.02 5.4 YES 
0.98 1.01 200 0.03 3.1 0.04 4.0 YES 
1.22 1.23 116 0.01 0.8 0.03 2.4 NO 
a. number of replicates 
b. 95% confidence level 
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TABLE 9 Sulfate Measurements - Bias and Precision 
Determined from Analys ;is of Quality 
Control Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration, Bias s RSD Significant 
Bias? Year mg/L mg/L na mg/L % mg/L % 
1979 1.20 1.20 31 0.00 0.0 0.02 1.6 NO 
5.12 5.14 24 0.02 0.4 0.04 0.8 NO 
10.24 10.22 18 -0.02 -0.2 0.06 0.6 NO 
1980 0.72 0.72 116 0.00 0.0 0.05 6.9 NO 
9.36 9.33 182 -0.03 -0.3 0.25 2.7 NO 
1981 0.36 0.36 74 0.00 0.0 0.02 5.6 NO 
1.17 1.19 61 0.02 1.7 0.06 5.0 NO 
1.87 1.90 92 0.03 1.6 0.08 4.2 YES 
7.35 7.33 172 -0.02 -0.3 0.21 2.9 NO 
9.36 9.42 140 0.06 0.6 0.21 2.2 NO 
1982 1.17 1.15 216 -0.02 -1.7 0.11 9.6 NO 
7.35 7.31 262 -0.04 -0.5 0.27 3.7 NO 
1983 0.92 0.86 285 -0.06 -6.5 0.12 14.0 YES 
1.17 1.10 76 -0.07 -6.0 0.11 10.0 YES 
6.86 7.05 261 0.19 2.8 0.39 5.5 NO 
7.35 7.29 69 -0.06 -0.8 0.27 3.7 NO 
a. number of replicates 
b. 95% confidence level 
TABLE 10 Nitrate-Nitrite Measurements -
Bias and Precision Determined from 
Analysis of Quality Control 
Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration, Bias s RSD Significant 
Year mg/L mg/L na mg/L t mg/L % Bias? 
1979 0.49 0.50 38 0.01 2.0 0.01 2.0 YES 
1.68 1.67 40 -0.01 -0.6 0.03 1.8 NO 
1980 0.49 0.48 111 -0.01 -2.0 0.03 6.3 YES 
1.37 1.41 24 0.04 2.9 0.03 2.2 YES 
1.68 1.72 111 0.04 2.4 0.07 4.2 YES 
3.52 3.60 17 0.08 2.3 0.08 2.2 NO 
7.04 7.12 8 0.08 1.1 0.20 2.8 NO 
1981 1.37 1.38 201 0.01 0.7 0.07 5.1 NO 
3.52 3.51 205 -0.01 -0.3 0.12 3.4 NO 
1982 0.80 0.77 121 -0.03 -3.8 0.01 1.3 YES 
1.37 1.31 142 -0.06 -4.4 0.05 3.8 YES 
3.54 3.38 226 -0.16 -4.5 0.14 4.1 YES 
1983 0.62 0.63 117 0.01 1.6 0.02 .3.2 NO 
0.80 0.80 119 0.00 0.0 0.03 3.8 NO 
3.14 3.15 118 0.01 0.3 0.05 1.6 NO 
3.54 3.57 191 0.03 0.9 0.06 1.7 YES 
a. number of replicates 
b. 95% confidence level 
118 
TABLE 11 Chloride Measurements -- Bias and Precision 
Determined from Analysis of Quality 
Control Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration ' a n 
Bias s RSD Significant 
Bias? Year mg/L mg/L mg/L % mg/L % 
1979 1.41 1.47 3 0.06 4.3 0.01 0.7 YES 
2.81 2.93 16 0.12 4.3 0.03 1.0 YES 
4.32 4.53 16 0.21 4.9 0.03 0.7 YES 
1980 0.36 0.37 80 0.01 2.8 0.03 8.1 YES 
0.92 0.88 19 -0.04 -4.4 0.02 2.3 YES 
1.84 1.82 101 -0.02 -1.1 0.06 3.3 YES 
4.40 4.42 17 0.02 0.5 0.07 1.6 NO 
8.79 8.91 12 0.12 1.4 0.08 0.9 YES 
1981 0.71 0.71 78 0.00 0.0 0.04 5.6 NO 
0.92 0.91 137 -0.01 -1.1 0.04 4.4 YES 
1.84 1.74 45 -0.10 -5.4 0.04 2.3 YES 
2.08 2.09 80 0.01 0.5 0.07 3.3 NO 
1982 0.71 0.71 262 0.00 0.0 0.03 4.2 NO 
2.08 2.00 243 -0.08 -3.9 0.07 3.5 YES 
1983 0.71 0.70 100 -0.01 -1.4 0.03 4.3 YES 
0.86 0.86 220 0.00 0.0 0.04 4.7 NO 
1.80 1.83 217 0.03 1.7 0.07 3.8 YES 
2.08 2.03 91 -0.05 -2.4 0.09 4.4 YES 
a. number of replicates 
b. 95% con fidence level 
TABLE 12 Orthophosphate Measurements - Bias and Precision 
Determined from Analysis of Quality 
Control Check Samples. 
Theoretical Measured Precision Statistically 
Concentration, Concentration ' a 
n 
Bias s RSD Significant 
Year mg/L mg/L mg/L % mg/L % Bias? 
1979 0.058 0.058 16 0.000 0.0 0.001 1.7 NO 
0.080 0.079 17 -0.001 -1.3 0.002 2.5 NO 
1980 0.016 0.016 54 0.000 0.0 0.001 6.3 NO 
0.095 0.095 53 0.000 0.0 0.004 4.0 NO 
0.236 0.234 16 -0.002 -0.9 0.003 1.3 YES 
0.583 0.568 9 -0.015 -2.6 0.021 3.7 YES 
1981 0.095 0.089 184 -0.006 -6.3 0.006 6.7 YES 
0.236 0.235 196 -0.001 -0.4 0.012 5.1 NO 
1982 0.095 0.091 139 -0.004 -4.2 0.004 4.4 YES 
0.123 0.116 79 -0.007 -5.7 0.009 7.8 YES 
0.234 0.223 233 -0.011 -4.7 0.017 7.6 YES 
1983 0.123 0.111 149 -0.012 -9.8 0.006 5.4 YES 
0.153 0.149 170 -0.004 -2.6 0.006 4.0 NO 
0.215 0.205 169 -0.010 -4.7 0.008 3.9 YES 
0.237 0.209 145 -0.02B -11.8 0.010 4.8 YES 
a. number of replicates 
b. 95% confidence level 
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APPENDIX E 
Replicate Sample Analyses 
Plots and Tables 
1978-1983 
120 
FIGURE 1. Replicate plots for calcium for 1978 and 1979. 
FIGURE 2. Replicate plots for calcium for 1980. 
FIGURE 3. Replicate plots for calcium for 1981. 
FIGURE 4. Replicate plots for calcium for 1982. 
FIGURE 5. Replicate plots for calcium for 1983. 
FIGURE 6. Replicate plots for magnesium for 1978 and 1979. 
FIGURE 7. Replicate plots for magnesium for 1980. 
FIGURE 8. Replicate plots for magnesium for 1981. 
FIGURE 9. Replicate plots for magnesium for 1982. 
FIGURE 10. Replicate plots for magnesium for 1983. 
FIGURE 11. Replicate plots for sodium for 1978 and 1979. 
FIGURE 12. Replicate plots for sodium for 1980. 
FIGURE 13. Replicate plots for sodium for 1981. 
FIGURE 14. Replicate plots for sodium for 1982. 
FIGURE 15. Replicate plots for sodium for 1983. 
FIGURE 16. Replicate plots for potassium for 1978 and 1979. 
FIGURE 17. Replicate plots for potassium for 1980. 
FIGURE 18. Replicate plots for potassium for 1981. 
FIGURE 19. Replicate plots for potassium for 1982. 
FIGURE 20. Replicate plots for potassium for 1983. 
FIGURE 21. Replicate plots for ammonium for 1978 and 1979. 
FIGURE 22. Replicate plots for ammonium for 1980. 
FIGURE 23. Replicate plots for ammonium for 1981. 
FIGURE 24. Replicate plots for ammonium for 1982. 
FIGURE 25. Replicate plots for ammonium for 1983. 
FIGURE 26. Replicate plots for sulfate for 1978 and 1979. 
FIGURE 27. Replicate plots for sulfate for 1980. 
FIGURE 28. Replicate plots for sulfate for 1981. 
FIGURE 29. Replicate plots for sulfate for 1982. 
FIGURE 30. Replicate plots for sulfate for 1983. 
FIGURE 31. Replicate plots for nitrate-nitrite for 1978 and 1979. 
FIGURE 32. Replicate plots for nitrate-nitrite for 1980. 
FIGURE 33. Replicate plots for nitrate-nitrite for 1981. 
FIGURE 34. Replicate plots for nitrate-nitrite for 1982-
FIGURE 35. Replicate plots for nitrate-nitrite for 1983. 
FIGURE 36. Replicate plots for chloride for 1978 and 1979. 
FIGURE 37. Replicate plots for chloride for 1980. 
FIGURE 38. Replicate plots for chloride for 1981. 
FIGURE 39. Replicate plots for chloride for 1982. 
FIGURE 40. Replicate plots for chloride for 1983. 
FIGURE 41. Replicate plots for hydrogen ion concentration for 1978 and 1979. 
FIGURE 42. Replicate plots for hydrogen ion concentration for 1980. 
FIGURE 43. Replicate plots for hydrogen ion concentration for 1981. 
FIGURE 44. Replicate plots for hydrogen ion concentration for 1982. 
FIGURE 45. Replicate plots for hydrogen ion concentration for 1983. 
FIGURE 46. Replicate plots for specific conductance for 1978 and 1979. 
FIGURE 47. Replicate plots for specific conductance for 1980. 
FIGURE 48. Replicate plots for specific conductance for 1981. 
FIGURE 49. Replicate plots for specific conductance for 1982. 
FIGURE 50. Replicate plots for specific conductance for 1983. 
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TABLE 1 (A-B) Data Summary for Replicate 
Analysis in 1978 and 1979. 










Calcium 54 0.000 0.001 0.006 
Magnesium 54 0.000 0.000 0.001 
Sodium 54 0.000 -0.001 0.005 
Potassium 54 0.000 0.000 0.002 
Ammonium 54 0.00 -0.01 0.02 
Sulfate 54 0.00 0.00 0.08 
Nitrate-
Nitrite 54 0.00 0.00 0.04 
Chloride 54 0.00 0.00 0.04 




54 0.0 -0.2 0.9 
a. number of replicate pairs 
TABLE 2 (A-B) Data 
Analysis in 
Summary for Replicate 
1980. 










Calcium 125 0.000 0.000 0.008 
Magnesium 125 0.000 0.000 0.001 
Sodium 125 0.000 0.000 0.008 
Potassium 125 0.000 0.000 0.002 
Ammonium 125 0.00 0.00 0.01 
Sulfate 125 0.00 0.00 0.08 
Nitrate-
Nitrite 125 0.00 0.00 0.06 
Chloride 125 0.00 0.00 0.03 




125 0.0 -0.1 0.6 
a. number of replicate pairs 
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Calcium 175 0.000 0.000 0.009 
Magnesium 175 0.000 0.000 0.002 
Sodium 175 0.000 -0.001 0.005 
Potassium 175 0.000 0.000 0.003 
Ammonium 175 0.00 0.00 0.02 
Sulfate 175 0.00 0.00 0.10 
Nitrate-
Nitrite 175 0.00 0.00 0.06 
Chloride 175 0.00 0.00 0.03 




175 0.0 0.0 0.3 
a. number of replicate pairs 
TABLE 4 (A-B) Data Summary 
Analysis in 1982. 
for Replicate 










Calcium 212 0.000 -0.001 0.007 
Magnesium 212 0.000 0.000 0.002 
Sodium 212 0.000 0.000 0.012 
Potassium. 212 0.000 0.000 0.003 
Ammonium 212 0.00 0.00 0.02 
Sulfate 212 0.00 -0.01 0.14 
Nitrate-
Nitrite 212 0.00 0.01 0.06 
Chloride 212 0.00 0.00 0.03 




212 0.0 0.0 0.0 
a. number of replicate pairs 
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Calcium 255 0.001 0.001 0.008 
Magnesium 255 0.000 0.000 0.002 
Sodium 255 0.000 0.001 0.019 
Potassium 255 0.000 0.000 0.002 
Ammonium 255 0.00 0.01 0.05 
Sulfate 255 0.00 -0.01 0.08 
Nitrate-
Nitrite 255 0.00 0.00 0.09 
Chloride 255 0.00 0.00 0.07 




255 0.0 0.0 0.1 




Ion Percent Difference and 





FIGURE 1. Ion percent difference histogram for NADP/NTN 
wet side samples in 1978. 
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FIGURE 2. Ion percent difference histogram for NADP/NTN 
wet side samples in 1979.
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FIGURE 3. Ion percent difference histogram for NADP/NTN 
wet side samples in 1980. 
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FIGURE 4. Ion percent difference histogram for NADP/NTN 
wet side samples in 1981. 
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FIGURE 5. Ion percent difference histogram for NADP/NTN 
wet side samples in 1982. 
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FIGURE 6. Conductance percent difference histogram for NADP/NTN 
wet side samples in 1978. 
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FIGURE 7. Conductance percent difference histogram for NADP/NTN 
wet side samples in 1979. 
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FIGURE 8. Conductance percent difference histogram for NADP/NTN 
wet side samples in 1980. 
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FIGURE 9. Conductance percent difference histogram for NADP/NTN 
wet side samples in 1981. 
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FIGURE 10. Conductance percent difference histogram for NADP/NTN 
wet side samples in 1982. 
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